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INTRODUCTION 


Following the precedent of many scientific presidential addresses, I 
shall give a general review of one of the subjects which has occupied 
much of my time—the problem of the pre-Cambrian. Within an hour 
I can not consider the merits of the questions still in controversy, nor 
broadly cover the field mentioned; therefore I shall confine my review 
to the stratigraphy and nomenclature of the pre-Cambrian rocks. 

The Cambrian is defined as terminating below at the base of the well 
recognized Olenellus fauna. In general between the Cambrian and pre- 
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Cambrian there is an unconformity. This unconformity for a large part 
of the United States is profound, being the break at the base of the great 
Cambrian transgression. 

In the early days of geology in America the name “primary” or “prim- 
itive” was given to the group of rocks under consideration. By the men 


who used these terms there was scarcely any attempt to apply strati- 


graphic methods to them. They were content with general lithological 
descriptions of the rocks observed. 


THE ORIGINAL LAURENTIAN DISTRICT 


The working out of the stratigraphy of the pre-Cambrian of America 
began when Sir William Logan came to this country, in 1842. Before 
he took charge of the Canadian Geological Survey, Logan had had long 
practice in working out the difficult stratigraphy of the coal fields of 
Wales. He was above all else a stratigraphical geologist. 

Logan had not been long in Canada before he saw that antedating the 
fossiliferous rocks are other sedimentary rocks, to which he applied the 
methods he had so successfully used in Wales. The first region in which 
this attempt was made was the Laurentian mountains of Canada. As a 
result of Logan’s studies, extending through a number of years, he 
finally proposed in 1854 to designate the rocks of these mountains by the 
name “Laurentian.” Later Logan appreciated that this Laurentian con- 
sisted of two parts—an upper, subordinate portion, containing limestone 
and gneissic rocks, presumably of sedimentary origin, and a lower, domi- 
nant mass, consisting mainly of various gneisses and granites. Still 
later an anorthosite formation was recognized which was regarded as 
newer than the formations mentioned, so it was called Upper Laurentian. 
The term Grenville was introduced by Logan in 1863 to designate the 
upper sedimentary limestone series, although he still used the term Lau- 
rentian system to cover all of the formations of the district. 

Later work by Adams has shown the anorthosite series to be intrusive 
in the older rocks. He has also shown that some of the gneisses asso- 
ciated with the limestone of the Grenville series have the composition of 
sediments, and that some of the Lower Laurentian gneisses and granites 
have the composition of igneous rocks; and, further, that many of the 
Lower Laurentian gneisses and granites intrude the Grenville sediments. 


THE Hastines District 


Southwest of the original Laurentian area and north of the east end of 
lake Ontario is the so-called Hastings series, in which work was first done 
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by Vennor. Here the sedimentary rocks are in vastly greater volume 
and the metamorphism of large areas is much less advanced than in the 
original Laurentian district. The later studies of Adams led him to the 
conclusion that there are gradations between the moderately metamor- 
phosed sedimentary rocks, in which limestone is the greatest formation, 
to the intensely metamorphosed varieties, which are like those of the 
original Laurentian area, and he concluded that the Grenville and 
Hastings series are one. 

A committee representing the United States and Canadian geological 
surveys, consisting of Messrs Adams, Barlow, Coleman, Cushing, Kemp, 
and Van Hise, accepted Adams’ conclusions and agreed to extend the 
term Grenville, previously applied in the Laurentian district only, to the 
similar formations in the Hastings and Adirondack districts. In the 
report of this committee the term Laurentian was restricted to the acid 
gneissic and granitic rocks, many of which are intrusive into the sedi- 
mentary series, in accordance with the usage recognized in the report of 
the committee upon the Lake Superior region, to be mentioned later? 
(see page 12). 

The report of the committee showed that there is in the Madoc area 
of the Hastings district a series of rocks, consisting largely of conglom- 
erates, felsites, slates, and schists, which rest unconformably upon a 
limestone-bearing series. ‘The existence of a physical break in the sedi- 
mentary series was thus recognized, but its importance and the position 
of the upper series were left undetermined. The last word upon this 
district is by Miller and Knight,* who hold that they have proved that— 
“much, at least, of what has been called the Hastings series, consisting of 
limestones, conglomerate, and other fragmental rocks, is much younger than, 
and forms a well defined unconformable series with, the typical crystalline 
limestones and associated fragmental rocks of what has been called the Gren- 
ville series proper. The view that the Grenville and Hastings constitute one 


series, the former being a more highly altered phase of the latter, is no longer 
tenable.” 


Miller and Knight also think that in places they have found the Kee- 
watin lava floor on which the Grenville series has been deposited. Ac- 
cording to them, 


2Report of a special committee on the correlation of the pre-Cambrian rocks of the 
Adirondack mountains, the ‘Original Laurentian area’ of Canada and eastern Ontario, 
by Messrs F. D. Adams, A. E. Barlow, A. P. Coleman, H. P. Cushing, J. I. Kemp, and 
C. R. Van Hise. Journal of Geology, vol. 15, 1907, pp. 191-217. 

§ Grenville-Hastings unconformity and the probable identity in age of the Grenville 
limestone with the Keewatin iron formation of the Lake Superior region, by Willet G. 
Miller and Cyril W. Knight. Sixteenth Report, Bureau of Mines, Ontario, 1907, pp. 
221-223. 
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“an ancient Keewatin lava has, in places, been subjected to a little denuda- 
tion before the deposition of the Grenville limestone, which fills the cracks and 
openings in the ropy surface of the lava. Unconformably above the Grenville 
limestones and Keewatin lavas or greenstones rest the conglomerates and 
other sedimentary rocks, including limestones, which the present writers class 
as Huronian.” 


Thus, according to Miller and Knight, there is in the Hastings area a 
series of rocks bearing limestone which is the equivalent of the Gren- 
ville; but to the upper series of rocks, which were not given a definite 
place by the International Committee, they would apply the term 
Hastings and place this series in the Huronian. 

Miller and Knight do not expressly indicate whether the unconformity 
which they recognize is at the same horizon as that discovered by the 
International Committee, but presumably this is the fact. If this be so, 
their work determines the point left unsettled by that committee as to 
the importance of this unconformity and shows that it has great struc- 
tural significance. The discovery that the upper series contains a lime- 
stone formation as well as the Grenville series is of great importance, 
for it means that it yet remains to discriminate separately upon the geo- 
logical map the areal extent of the two series containing the different 
limestone formations of the Hastings district. 

Until these two series are separately mapped and the limestone is dis- 
tributed between them, I am unwilling to commit myself as to the prob- 
able position of the Grenville series. If, as Miller’s work intimates, the 
Grenville has been laid down upon an ancient eroded Keewatin floor, it 
may be equivalent to the lowest of the Huronian series, to be later dis- 
cussed. Whatever the position of the Grenville proper, the upper series 
of the Hastings district, which may be called the Hastings series, in all 
probability is of Huronian age, probably Middle Huronian or Lower 
Huronian. 


THE ORIGINAL HURONIAN DISTRICT 


After having been several years in Canada, Sir William Logan began 
systematic work upon the north shore of lake Huron, with Alexander 
Murray as his assistant. In this Lake Huron work the name of Murray 
should always be associated with that of Logan. The former furnished 
the broad ideas; the latter carried them out with great patience in an ex- 
tremely rough country, covered with a dense forest, of which there was 
no map other than the land surveys. No one who has not attempted to 
work out intricate geology in the tangled forest of an unbroken wilder- 
ness without adequate maps, and been tortured by the innumerable insects 
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of the northern woods, can appreciate the physical and mental stamina 
required for successful geological work under such circumstances. 

On the north shore of lake Huron, Logan and Murray found rocks 
which antedate the Cambrian, or, as the lowest formations of the fossil- 
iferous rocks were called in those days, the Silurian. While these rocks 
were considerably altered, they were not changed from their original con- 
dition so much that they could not be readily recognized in the field as 
quartzites, graywackes, slates, conglomerates, limestone, etcetera, and 
therefore the series was regarded by Logan as non-metamorphic. The 
sedimentary formations on the north shore of lake Huron were found to 
be arranged in a definite order, allowing as precise mapping as the sedi- 
mentary rocks of Wales. Below this sedimentary series Logan and Mur- 
ray found another system, composed mainly of granites and gneisses, 
which is similar to the rocks comprising the larger masses of the Lauren- 
tian mountains. Logan supposed this lower series to be of the same age 
as the rocks of those mountains, and he therefore carried the name Lau- 
rentian to the north shore of lake Huron, and there applied the term to 
the lowest series, although the Laurentian of this area contains no sedi- 
mentary rocks like the so-called Upper Laurentian, or Grenville, in the 
original district. But the newer set of rocks, resting on the older series, he 
recognized to be different in lithological character from any of the rocks 
of the Laurentian area. He also saw that in the conglomerates of the 
upper series are very numerous pebbles and boulders identical with the 
rocks of the older series, and he therefore inferred that the newer series 
rested unconformably above the older. Because the newer series had not 
been greatly changed from their original condition and because of the 
inferred unconformity, Logan pursued the same method he had followed 
for the Laurentian district—that is, he applied a local term to the set of 
rocks which he believed to be younger than the Laurentian. Since they 
skirt the north shore of lake Huron, he naturally called them Huronian. 
This was in 1858. 

In 1883 Irving visited the original Huronian area, and found a contact 
between the lowest Huronian sediments and the Laurentian granites 
which showed a great unconformity to exist between the two; also he 
recognized that the chloritic schists of Logan, which he supposed to be 
metamorphosed sediments, are basic igneous rocks, largely volcanic. 

Later, Pumpelly and I, studying the Huronian series somewhat closely, 
found an unconformity within the Huronian sedimentary series between 
Logan’s limestone formation and the upper slate conglomerate. In 1902 
further close studies by Leith and myself showed this unconformity to be 
important; also we found the chloritic schists which Logan placed with 
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the Huronian to be ungonformably below the Huronian, and to be in- 
truded by the granite, and therefore in age more nearly related to the 
Laurentian than to the Huronian. 

Finally, north of Sudbury, some distance north of lake Huron, is an- 
other series, which Bell placed as Cambrian on the Canadian maps, but 
which is now agreed to be pre-Cambrian and which our studies show 
probably to be unconformably above the Huronian immediately north of 
lake Huron, mapped in detail by Logan, but in Logan’s general map in- 
cluded in the Huronian. ; 

Thus, in the region north of lake Huron are two groups of rocks sepa- 
cated by unconformities. The lower consists subordinately of basic vol- 
canic and dominantly of granitic and granitoid gneisses, the acid rocks 
being intrusive in the basic. According to the usage advocated by the 
International Committee, on the Lake Superior region below mentioned 
the voleanics are Keewatin and the granites and gneisses Laurentian. 
The upper group comprises three unconformably sedimentary series, 
which may be called Lower, Middle, and Upper Huronian. 


Later Work oF LoGAN AND OTHERS 


The work of Logan in the Laurentian mountains and of Logan and 
Murray on the north shore of lake Huron occupied many years, yet the 
areas of the districts mapped were almost infinitesimal as compared with 
the vast expanses of pre-Cambrian rocks of Canada. In this early care- 
ful detailed work the rocks which had been called Laurentian were mainly 
light colored, pink or gray with intermediate shades, of the granitic 
order, or, as we would perhaps say at present, gneissoid granites and 
granitic gneisses. The Huronian series of rocks were largely composed 
of green and dark gray sediments with intermediate shades and subordi- 
nate masses of light colored quartzites and limestones, but gray and green 
were the prevailing tones; also it is to be remembered that Logan placed 
with these series green chloritic voleanic rocks, which later work has 
shown to be unconformably below them. 

A period of rapid reconnaissance mapping in Canada now followed the 
early epoch of close systematic work upon confined areas. The colors 
gave the clew to the geologist. Here was an easier method than digging 
out the stratigraphy from the forests, which method required years of 
laborious work for small areas. The pink and gray rocks of granitic 
types were Laurentian, and the dark gray and green rocks, whether sedi- 
mentary or igneous, were Huronian. Thus was inaugurated the chro- 
matic epoch of mapping the pre-Cambrian formations, which is at least 
a score times as rapid and easy as the early methods of Logan and Murray 
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and which, incidentally it may be remarked, is about a twentieth part as 
accurate. 

We have here an illustration of an error which has crept into geology 
again and again, not only with reference to the pre-Cambrian, but with 
reference to other formations. As a result of patient, careful work, 
taking into account all the facts, a stratigraphic problem is worked out. 
Not one criterion, but many are used. But perhaps one is conspicuous. 
This is selected and applied broadly in other regions, ignoring all others. 
As a result, the rocks grouped under the method are classified upon a 
certain basis, but this is no longer the original basis. If the geological 
maps which have been produced by the color method of mapping had been 
so called, so that it was understood that the term Laurentian meant acid 
granitic and gneissic rocks, and that Huronian meant quartzites, gray- 
wackes, conglomerates, and basic igneous rocks, without reference to rela- 
tions, no harm would have been done. The defect consisted in regarding 
this work as structural. 


Trt LAKE SUPERIOR REGION 


REVIEW OF THE INVESTIGATIONS IN THIS FIELD 


After having worked out the stratigraphy of the north shore of lake 
Huron, Logan visited lake Superior, and there recognized a group of 
rocks in which the copper deposits occur, which he regarded as different 
from and at a higher horizon than the Huronian. He called these rocks 
the upper copper-bearing series in contrast to the Huronian of the north 
shore of lake Huron containing the copper deposits of Bruce mines. This 
upper series is the one which was later known as the Keweenawan. 

We must now pass from Canada to the United States to find the con- 
tinuation of the early methods of work of Logan and Murray. In Mich- 
igan and Wisconsin, state geological surveys were organized. In Michigan 
the work on the copper-bearing rocks was handled by Pumpelly and Mar- 
vine, and that upon the iron-bearing rocks by Brooks. Brooks, Irving, 
and Wright were all engaged in studying on the iron-bearing rocks of 
Wisconsin. In these districts there were great economic deposits of iron 
and copper which justified the most careful mapping. 

Prior to the investigations by the state surveys in this region, a large 
amount of good preliminary work had been done by Foster and Whitney 
and others, but this work was of the same general type as that of other 
American geologists antecedent to the days of Logan and Murray. These 
geologists and their defender, Wadsworth, insisted that the pre-Cambrian 
rocks were indivisible on a structural basis and to all of them the term 
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Azoic was applied. But Pumpelly, Marvine, Brooks, Irving, and Wright, 
with unflagging energy and infinite patience, resumed on the south shore 
of lake Superior the true stratigraphic methods of the great Canadian 
geologists. The names of Pumpelly and Marvine must be connected 
ever with the stratigraphy of the Keweenawan rocks. ‘Their papers on 
this series are classic today. Similarly the names of Brooks and Irving 
must be associated always with the stratigraphy of the iron-bearing or 
Huronian rocks. In this pioneer work Brooks wore himself out in ten 
years, so that he never was able to resume active geological work. 

If one who was familiar with the Lake Superior region in these early 
days, and therefore knows the conditions under which Brooks’ and 
Irving’s work was done in an unbroken forest, will examine their geo- 
logical maps of the Marquette, Menominee, and Penokee districts, he can 
not but be filled with admiration at the amazing insight of these men, 
who were able to put into a consistent story the scraps of geological his- 
tory which they were able to gather from the occasional outcrops in the 
wilderness. 

Brooks, Pumpelly, and Irving recognized the same major divisions on 
the south shore of lake Superior which Logan and Murray had recognized 
on the north shore of lake Huron. That is to say, there was a great com- 
plex of basement rocks and above them essentially sedimentary series 
which contain the iron and copper deposits. 


THE BASEMENT COMPLEX 


The lower or basement group was found to consist dominantly of gran- 
ites and gneisses which were believed to be in the same stratigraphic posi- 
tion as the similar rocks of the Laurentian of the north shore of lake 
Huron. Irving also found on the south shore a series of dark gray and 
green schistose rocks, proved by George H. Williams to be largely of vol- 
canic origin, which he recognized were structurally more closely asso- 
ciated with the granite and gneiss called Laurentian than with the sedi- 
mentary iron-bearing series. In this respect Irving made an advance 
upon the work of Logan, who on the north shore of lake Huron placed 
the equivalent rocks with the Huronian. 

Williams proved that the granites and gneisses of the basement series 
intrude the schistose volcanic series, the relations being the same as those 
which were later found to obtain on the north shore of lake Huron. Our 
further studies show that this voleanic series is an extensive one. When 
this fact was realized and it was appreciated that it was the oldest series 
in the Lake Superior region, the term “Mareniscan” was proposed in 1892 
to designate it.* 


“Bulletin no. 86, U. S. Geological Survey, p. 191. 
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Prior to the introduction of this term, in 1886, Lawson had proposed 
the name “Keewatin” for a great series of rocks, largely volcanic, which 
oceurs in the Lake of the Woods region. His reason for proposing the 
name was that the series was different from any Huronian or Laurentian 
series which had been described, and he was uncertain as to its strati- 
graphical position. When the work of the United States Geological Sur- 
vey was extended to the international boundary, the detailed work being 
done by Leith, Clements, and Bayley, it was found that Lawson’s Kee- 
watin series is in the same position—indeed, is a continuation of the 
Mareniscan of the United States. Since the term Keewatin was pro- 
posed prior to that of Mareniscan, although the latter was first defined in 
the broad sense, the International Committee, with my concurrence, ac- 
cepted the former term to designate the ancient volcanic series of the 
basement complex. 

Of the different geologists, Clements has made the most careful petro- 
graphic study of the Keewatin, and his map of the Vermilion district 
shows the formation to consist of a great variety of basic and interme- 
diate rocks, the major portion of which are voleanic rather than plutonic. 
A peculiar ellipsoidal greenstone is especially characteristic and has a 
widespread occurrence. My own general studies of the Keewatin, where 
best exposed over broad areas in a number of districts, have led to the 
conclusion that it is essentially a submarine volcanic group, although of 
course including many intrusive rocks. 

When the United States geologists (Clements, Leith, Bayley, and Mer- 
riam) mapped the Vermilion district of northeastern Minnesota they 
found that associated with the Keewatin is an iron-bearing formation 
which is productive. The more closely the district was studied, the 
plainer it appeared that the thick productive formation is in all probabil- 
ity upon the top of the igneous rocks in some places between the two, 
there being a slight erosion interval marking unconformity. Smaller 
beds of iron formation material seem clearly to be within the Keewatin 
greenstones. 

Later studies in Canada have shown that an iron-bearing formation 
similar to that of the Vermilion district is widely associated with the 
Keewatin, for example, in the Hunters Island, Atikokan, Matawin, Mich- 
ipicoten, and other districts. 


THE HURONIAN SERIES 


Irving and Brooks found the series of the south shore above the base- 
ment complex to consist dominantly of sedimentary formations such as 
limestones, quartzites, slates, etcetera, which may be mapped stratigraph- 
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ically as are any other sedimentary formations. Thus in all essential 
respects they found this series to be like the original Huronian of the 
north shore of lake Huron, and they therefore gave the group this name. 
Later the work of Irving and myself showed that there was an uncon- 
formity between the basement complex and the Huronian. My later 
work led me to the division of the Huronian into two unconformable 
series, which were called Lower Huronian and Upper Huronian. Still 
later work by Seaman showed that my Lower Huronian is divisible into 
two unconformable series, and thus it follows that on the south shore of 
lake Superior, as on the north shore of lake Huron, there are three un- 
conformable series to which the term Huronian have been applied, and 
which may be called Lower, Middle, and Upper. 

The upper of these series is the so-called Animikie. If it were prac- 
ticable to generally separate this series from the two lower, this would be 
most advantageous; for in that case the upper Huronian would have a 
distinctive name, and the term Huronian could be restricted to the latter 
two. This would be a great gain in the matter of clearness of nomen- 
clature, and also this usage would give the term Huronian a scope almost 
exactly equivalent to its usage as first applied on the detailed maps of 
Logan and Murray in the area immediately adjacent to lake Huron. But 
as yet it has not been practicable to separate the Animikie from the other 
divisions of the Huronian over broad areas, and therefore apparently for 
the present the latter term must be continued to cover all three series, 
allowing the term Animike to be used for the upper series where it can be 
discriminated. 

In this connection it may be mentioned in passing that the break be- 
tween the Animikie and the Keewatin, which has been recognized from 
the first, Lawson emphasizes as the greatest which obtains in the Lake 
Superior region. In various localities the Animikie rests directly on the 
Lower Huronian or the Keewatin, and the Middle or both the Middle 
and Lower Huronian are therefore absent. In the former case the un- 
conformity at the base of the Animikie represents two unconformities 
and the intervening series. In the latter case the unconformity at the 
base of the Animikie represents three unconformities and the two inter- 
vening series. In this case the unconformity corresponds to a greater 
interval of time than can possibly be represented by the unconformity be- 
tween the Lower Huronian and the Keewatin, because such unconformity 
includes this unconformity and also two others with their intervening 
series. 

However, a geological classification must be made on the basis of a full 
succession rather than on the basis of a succession in which a part of the 
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column is absent. Where the Animikie occurs in districts which show 
the next underlying series, the Middle Huronian, there is no evidence 
that the unconformity at the base of the Animikie is any greater than 
that between the Middle and Lower Huronian or between the Animikie 
and the Keweenawan. Doubtless the different inter-Huronian uncon- 
formities do represent variable lapses of time, but we have no data from 
which we can determine which unconformity is greater than the others. 
So far as the evidence goes, the unconformity between the Animikie and 
the Middle Huronian is certainly not nearly so important as that between 
the Lower Huronian and the Keewatin. 

In the Marquette and Penokee districts the contrasts, from every point 
of view, between the Keewatin and Lower Huronian are amazing. The 
schistosity of the Keewatin existed before the Lower Huronian and abuts 
at right angles against the sedimentary beds of the latter series. In con- 
trast with this, the unconformities within the Huronian series, including 
that at the base of the Animikie, are like other moderate unconformities 
in sedimentary series. I think no one who has studied the facts in the 
field where the full succession from the Animikie downward occurs can 
arrive at any other conclusion than that the unconformity between the 
lower Huronian and the Keewatin is the greatest of the Lake Superior 
region (see pages 12-13). 

On one point in reference to the Lake Superior structure there has been 
no controversy. ‘This is the relation of the’ Keweenawan and Huronian. 
As already seen, Logan recognized that this series is at a higher horizon 
than the Huronian. Brooks’ studies of the relations of the Huronian 
and the Keweenawan on the south shore of lake Superior led him to the 
behef that there is an unconformity between the two. Irving found evi- 
dence of this unconformity upon the north shore of lake Superior. My 
own later studies in the Penokee district show that this unconformity, 
which there is between the Keweenawan and Upper Huronian (Ani- 
mikie), is one of very considerable magnitude, the differential erosion 
represented by it amounting to thousands of feet. Studies by W. N. 
Smith, Clements, and myself in northeastern Minnesota and Canada have 
still further emphasized the importance of the unconformity between the 
Keweenawan and Animikie, although here the amount of erosion is not 
so great as in the Penokee district. 

All who have made extensive studies in the Lake Superior region, with 
the exception of the later Michigan geologists, have agreed that all the 
series yet considered, from the Keewatin to the Keweenawan, inclusive, 
are unconformably below the Upper Cambrian sandstone. Moreover, 
they hold that the nature of this unconformity is such as to make it 
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highly probable that the Keweenawan is pre-Cambrian; but from this 
view Lane dissents. 


REPORT OF THE INTERNATIONAL COMMITTEE 


The results of the above studies in the Lake Superior region, largely by 
the United States geologists, were accepted in 1904 by the Joint Commit- 
tee of Canadian and United States Geological Surveys, consisting of 
Messrs Adams, Bell, Lane, Leith, Miller, and Van Hise. After visiting 
the Lake Superior and Lake Huron regions, they recommended the recog- 
nition of the succession, structure, and nomenclature given below: 

CAMBRIAN—Upper sandstones, etcetera, of lake Superior. 

Uneonformity. 
PRE-CAMBRIAN. 
Keweenawan (Nipigon). 
Unconformity. 
( Upper (Animikie). 
Unconformity. 
Huronian.... + Middle. 
Unconformity. 
| Lower. 
Unconformity. 
Keewatin. 
Eruptive contact. 
Laurentian. 


The report of the International Committee gave no major grouping of 
the above series. In this paper the Keweenawan and the Huronian are 
together included in the Algonkian, and the Keewatin and Laurentian in 
the Archean. This grouping will not be discussed at this point, except 
in relation to the magnitude of the unconformity between Huronian and 
the Keewatin. Already it has been indicated that the field studies of the 
United States geologists show this unconformity to be more conspicuous 
and widespread than any of the others. This conclusion, largely based 
upon studies in the Lake Superior and Lake Huron regions, upon both 
sides of the boundary, has been confirmed by studies over extensive areas 
by W. G. Miller, provincial geologist of Ontario, and R. W. Brock, the 
recently appointed director of the Canadian Geological Survey. Miller 
has recognized this break at many localities and has emphasized it in his 
various papers. Brock in a recent report upon the Larder Lake district 
recognized a great break at this horizon. He says in reference to rock 
systems on opposite sides of the break :° 


“It is interesting to find at such widely separated points as lake Superior, 
lake Huron, Cobalt, and the Height of Land, the same rocks, showing the same 
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relationships, falling into the same scheme of classification; thus confirming 
the idea that the rocks as grouped represent great and widespread systems, 
separated by profound alterations of geological conditions during great time 
intervals.” 


Tur Magor Divisions OF TITE PRE-CAMBRIAN 


In regions of America other than those already mentioned there was 
little attempt in early years to apply stratigraphic methods to the pre- 
Cambrian rocks. They were regarded as an indivisible group. As already 
noted, the men who thus treated the pre-Cambrian rocks as a unit first 
used the term primary and primitive. Later the term Azoic gained favor, 
on the ground that in these rocks no fossil evidence of distinct life had 
been found, and it was believed that they were formed before life existed 
upon the globe. This term contrasted the ancient rocks with the fossil- 
iferous, and therefore zoic, formations. 

As knowledge of the pre-Cambrian grew, the protest against the as- 
sumption that life did not exist during this time became more and more 
vigorous. To avoid the difficulty and to meet the needs of those who 
wished to view the pre-Cambrian rocks as a unit, the name Archean, or 
ancient, was suggested by Dana in 1872. This term very happily met 
the needs of the general geologist, who did not wish to undertake detailed 
work in the pre-Cambrian, and thus it rapidly found favor. For many 
years this term was widely used to include all the pre-Cambrian forma- 
tions, and to the present time it is thus used by certain geologists. 

After the work of the Wisconsin and Michigan surveys was well ad- 
vanced and after studies had been made in other parts of the world, prov- 
ing that there are series of sedimentary rocks antedating the Cambrian, 
which are radically different from a basement set on which they rest, 
and when it was, moreover, shown that this set of sedimentary rocks was 
one of large magnitude, Irving held that the great period of time repre- 
sented by the upper pre-Cambrian group was long enough, so that it 
should be recognized as of the first order—that is, it was worthy of a 
place of the order of Paleozoic and Mesozoic. He further pointed out 
that the rocks of this time, while furnishing no definitely recognizable 
fossils, contained life, This was conclusively shown by the large amount 
of carbonaceous material and graphite in the slates, and it was believed 
that the limestones and iron ores pointed in the same direction. Since 
the nature of the life of this time was unknown, the name “Agnotozoic,” 
first suggested by Chamberlin, was brought forward by Irving, as was the 
term “Eparchean.” “Proterozoic” was also considered by Irving for the 
place, but was rejected by him. Agnotozoic gained a small place in liter- 
ature, but Hparchean was never much used. However, to Agnotozoic it 
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was objected that while the nature of the life is now unknown, in the 
future it is likely to become known. 

In my correlation bulletin upon the Archean and Algonkian,°® while I 
did not exclude Agnotozoic from the classification of the pre-Cambrian, 
I inserted Proterozoic opposite to Agnotozoic as the name of the era and 
expressed my preference for the former. In a later paper I dropped the 
latter term altogether." Of the two terms, Proterozoic has increased in 
favor and Hparchean has disappeared from current usage. 

It is my own belief that Irving did not care particularly what term was 
used for the pre-Cambrian sedimentary series. That was a matter of 
small consequence. ‘The idea was the thing for which he strove. 

Shortly after Irving had shown to most of the thinking geologists that 
the pre-Cambrian group of sedimentary rocks must be recognized and 
discriminated from the basement group, his unfortunate death occurred, 
and I was asked to continue the direction of the work of which he had 
had charge in the Lake Superior region. In 1889 a conference was called 
at Washington to consider the nomenclature to be placed on the proposed 
geologic atlas of the United States. It was decided at this conference 
that zoic terms should not appear on the maps, although they might be 
used in the text. The largest divisions on the map were to be systemic. 
Thus the terms Silurian, Cretaceous, etcetera, but not Paleozoic and 
Mesozoic, were to be placed on the maps. This decision raised the ques- 
tion what should be done in reference to the Agnotozoic or Proterozoic. 

The fossiliferous groups of rocks are divided into periods and cor- 
related on the basis of fossil evidence. In the Lake Superior region is a 
fauna called Silurian, similar to faune in the Silurian rocks of New 
York and of Wales, but no way has been found to tell whether a pre- 
Cambrian sedimentary series of the Lake Superior region is equivalent 
to one which occurs in the Grand Canyon district, in Scotland, or in 
China. What, then, should be done? In the Lake Superior region we 
have not one, but four series of sedimentary rocks separated by uncon- 
formities, all separated by another unconformity from the basement group 
below, and by still another unconformity from the Cambrian above. 
Which of these series should be correlated with the Grand Canyon series 
of the Colorado? And may not the Grand Canyon series be equivalent 
to one of the unconformities in the Lake Superior region? To these 
questions there were no answers. ‘The science of geology had not suffi- 
ciently advanced to correlate on a physical basis from province to province, 
nor has it to the present time. When the physical history of the conti- 


°* Bulletin no. 86 of the U. S. Geological Survey, p. 493. 
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nents is worked out, when we know more about paleogeography, when we 
learn how extensive are the great unconformities, we may be able to 
correlate pre-Cambrian rock series from province to province and even 
from continent to continent, but as yet this can not be safely done. Be- 
cause of this fact, it was decided that only a single period should be recog- 
nized as equivalent to the Proterozoic, and for this place the term Algon- 
kian was proposed and accepted. Who proposed the term Algonkian the 
record does not show. It is not a competitor of Keweenawan or Huro- 
nian, for it includes them both; and it has never been proposed to define 
either of these terms for general use to. cover the essentially sedimentary 
pre-Cambrian series of the entire earth. While Algonkian is given a 
systemic position upon the atlas of the United States, its definition enti- 
tles it to rank as a group, and this rank is recognized in this paper. 

At the same conference at which the term Algonkian was adopted for 
the upper group of the pre-Cambrian, it was proposed to use the term 
Archean for the basement complex below. On the atlas sheets of the 
Geological Survey this term was assigned a systemic value, but hke Algon- 
kian it is here recognized as representing a group. This definition of the 
term Archean has been objected to by a number of geologists, because 
before it was made the term had been very generally used to indicate all 
pre-Cambrian rocks. The difficulty with this use of the term is that 
under it two rock groups are placed together which are fundamentally 
different. The Algonkian group is much more nearly allied to the Pale- 
ozoic than to the Archean, as the term is here used. Indeed, the only 
essential difference between the Algonkian and the: Paleozoic is the almost 
complete absence of definite fossil forms in the Algonkian. To attempt 
to include both pre-Cambrian groups under one name would result in 
making two groups of rocks to appear to be alike when as a matter of fact 
they are radically different. ~When this point is appreciated it is clear 
that the term Archean is especially adapted to designate. the older group 
of the pre-Cambrian. In confining the term to the oldest group of rocks, 
the essential intent of Dana in proposing the term is carried out, so far 
as this can be done and still make the nomenclature used represent the 
facts of geology. 

In short, the same plan has been followed with reference to the term 
Archean that has been applied to the terms Keewatin and Laurentian— 
that is, to define them so as to make them correspond as nearly as possible 
to published maps on which they have been placed, and at the same time 
make them mean a definite thing rather than two or more different things. 

Those who have commonly used the term Proterozoic rather than 
Algonkian have naturally substituted Archeozoic for Archean, and thus 
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the fundamental dual division of the pre-Cambrian with the group of 
geologists that prefer the zoic terms is Proterozoic and Archeozoic. This 
classification is adopted by Chamberlin and Salisbury in their text-book. 

The question now arises as to which pair of terms is preferable for 
common use—the above, or Algonkian and Archean. The convenience 
of the terms Algonkian and Archean to represent the two divisions of the 
pre-Cambrian has been somewhat generally recognized, and besides ap- 
pearing on the geological atlas of the United States and in the publica- 
tions of American geologists, they have found favor in Europe. 

Thus Algonkian and Archean are the major divisions for the pre- 
Cambrian found upon the official geological map of France, published in 
1905 under Michel-Levy as inspector general and compiled by a commit- 
tee consisting of thirty-five geologists of that country, with the assistance 
of a committee of fifty other geologists. These committees include prac- 


tically all of the eminent geologists of France. It is therefore safe to 


say that the consensus of opinion of the geologists of that country, in 
accordance with that of the geologists of the United States Geological 
Survey, is in favor of the terms Algonkian and Archean for the primary 
divisions of the pre-Cambrian. 

The wisdom of the conclusions of the geologists who selected the terms 
Algonkian and Archean for the two major divisions of the pre-Cambrian 
has since been confirmed by considerations which have developed since the 
adoption of the terms. As has been seen, when the terms Agnotozoic and 
Proterozoic were proposed by Irving in the sense now conveyed by Algon- 
kian, it was known that the rocks there placed contained positive evidence 
of life, but it was supposed that the inferior group of the pre-Cambrian 
contained no evidence of the existence of life. It has since been ascer- 


tained that in the Archean all the evidences of life shown by the Algon- . 


kian exist, with the exception of the few imperfect fossils which are now 
known in the latter group. Thus there arises, if zoic terms are to be 
used, the necessity for the introduction of another zoic term for the 
Archean (and, as has been seen, Archeozoic has been suggested) ; or, if 
this be not done, it is necessary to extend one zoic term to cover all of the 
pre-Cambrian rocks to the base of the earth formations. 

The objection to a dual zoic division for the pre-Cambrian rocks is that 
their life is not known to be different. When we say Paleozoic and Meso- 
zoic, we understand the terms to indicate a great known faunal differ- 
ence. We think not so much of the rocks, their lithological contrasts 
and the differences of the physical conditions of their formation, as of 
the life contrast. The rocks which contain a Paleozoic fauna are Paleo- 
zoic; those which contain a Mesozoic fauna are Mesozoic. The separa- 


| 
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tion of the rocks of the pre-Cambrian into Proterozoic and Archeozoic 
premises a fundamental difference in the fauna of the two eras for which 
there is no evidence. In short, the zoic division is an unverified assump- 
tion which the future may or may not justify. 

On the other hand, this objection can not be raised against the terms 
Algonkian and Archean. Their use is justified by the facts in the field, 
which inevitably lead to the dual classification of the pre-Cambrian for- 
mations on a physical basis. ‘The above gives sufficient reason for con- 
tinuing to adhere to them. 

However, the great physical contrasts of the Archean and Algonkian 
and the profound unconformity separating the two, marking one of the 
greatest physical revolutions of the world, doubtless does correspond to 
great life changes. There has been a tendency to place more and more 
emphasis on the physical breaks between the Paleozoic and the Mesozoic, 
and the Mesozoic and the Cenozoic, and to regard the differences of life of 
these eras as largely due to physical revolutions ; consequently we should 
expect the great physical revolution separating the Archean and Algonkian 
to have resulted in important life changes; and while I shall use the 
terms Algonkian and Archean because they correspond by definition to 
the physical facts on which the dual division of the pre-Cambrian is made, 
if others prefer the terms Proterozoic and Archeozoic, I shall not quarrel 
with them, after having pointed out that fossil evidence can not be given 
to justify this life classification, and that the use of these terms is based 
on faith in future progress rather than on achieved results. 

It is evident from the above outline of the history of the pre-Cambrian 
stratigraphy and nomenclature that the geologists working on these for- 
mations are much nearer to agreement than they were a score of years 
since. ‘The point on which there is perhaps most difference among 
geologists, and especially between the United States geologists and some 
Canadian geologists, is the emphasis by the former on the distinction 
betweea.the Algonkian and the Archean. Since there has been some dis- 
sent as to the fundamental importance of this discrimination, it may be 
well to mention briefly the principles on which it is based. 

In the first place, as already indicated, between the two groups an un- 
conformity is general. Moreover, this unconformity is believed to be the 
most distinctive and widespread exhibited by the pre-Cambrian forma- 
tions. However, to justify fully the emphasis placed on the dual division 
of the pre-Cambrian,-.the separating unconformity needs support by other 
contrasts. Some of the more important of these are as follows: 

1. The Archean is a series dominantly composed of igneous rocks, 
largely volcanic and for extensive areas probably submarine. Sediments 

II—BuLu, Guou. Soc. Am., Von. 19, 1907 
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are subordinate. The Algonkian is a series of rocks which is mainly 
sedimentary. Volcanic rocks are subordinate. Of course, by the latter 
statement it is not meant to imply that vast masses of volcanic rocks were 
not extruded in Algonkian time. In this respect this group is precisely 
the same as any of the fossiliferous groups of rocks. Thus there was a 
great outburst of vulcanism in Tertiary times and volcanic rocks covering 
areas of hundreds of thousands of square miles and thousands of feet in 
thickness: were poured out. Yet we characterize the Tertiary era by the 
sediments and their fauna rather than by the igneous rocks. Similarly, 
in stating that the Algonkian is a series of rocks which is mainly sedi- 
mentary, it is meant to say that these are the rocks which give the keys 
for their discrimination, and this is so notwithstanding the fact that, for 
instance, in the Keweenawan and the Grand Canyon groups volcanic 
rocks are very abundant. 

2. The Algonkian sediments, where not too greatly metamorphosed, 
are similar in all essential respects to those which occur in the Paleozoic 
and later periods. When the Algonkian rocks were laid down essentially 
the present conditions prevailed on the earth. The Archean rocks, on 
the other hand, indicate that during this era the physical conditions had 
not yet become such as to widely lead to the orderly succession of sedi- 
mentary rocks like those being formed today. To this practical distinc- 
tion, which I have repeatedly emphasized, Chamberlin and Salisbury in 
their recent textbook on geology give a theoretical interpretation. Ac- 
cording to their views, the Archean complex was formed before the 
weathering processes and hydro-atmospheric work became prominent, 
whereas the fact that the rocks of the Algonkian are in every essential 
respect like those which are being now formed they regard as evidence 
that the conditions had become favorable for mature weathering. The 
atmosphere and hydrosphere were the dominant dynamic agents, and 
they worked on land areas covered by vegetation. The Archean group, 
on the other hand, appears to antedate the time in which the sedimentary 
agencies were dominant. 

3. The folding and metamorphism of the Archean are on the whole 
very much further advanced than the Algonkian. The Archean complex 
has an intricacy of structure which is approached only locally by the 
Algonkian. Schistosity, gneissosity, and other secondary structures are 
very widespread.. While often the foldings and faultings of the Algon- 
kian rocks are complex and the secondary structures widespread, in these 
respects the group does not approach the intricacy of the Archean. 

For the Keewatin division of the Archean where katamorphic changes 
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have prevailed, the secondary minerals—epidote, chlorite, and calcite— 
are very conspicuous and characteristic. Where anamorphic changes 
have taken place, often due to abundant intrusives or powerful dynamic 
action, or both, these minerals are likely to be less important. 

4. Martin and Leith have noted that the Archean and Algonkian con- 
trast in their surface expression, often making it possible to separate 
areas of the two groups on a physiographic basis. Thus, in the Lake 
Superior region the Archean is characterized by a peneplain with small 
elevations, for the most part without regular outlines, sometimes con- 
trolled by the prevailing northeast-southwest structures of the Lake 
Superior region. The Algonkian, as a rule, has bolder relief and its ele- 
vations are strongly linear, in general parallel to the structure of the 
Lake Superior basin. The distinction in the physiography of the 
Archean and the Algonkian is of course dependent on the features men- 
tioned above, and especially on the fact that the former is essentially 
igneous and the latter essentially sedimentary. Erosion working upon 
diverse materials gave different expressions. 

In consequence of all of the above differences it follows that ordinary 
stratigraphic methods may be applied to the Algonkian, while such 
methods are not applicable at all, or only with extreme difficulty, to the 
Archean. The discriminations for the few areas of Archean mapped in 
detail are mainly lithological. This fundamental distinction has been 
recognized in practice from the days of Logan and Murray. Every strati- 
graphical geologist who has been willing to do detailed work has had 
little difficulty in mapping the Algonkian, unless subsequent intrusions 
have been vast in amount and the metamorphism profound, whereas in 
only a few areas has it been practicable to map the Archean rocks on a 
structural basis, except as to the divisions Keewatin and Laurentian and 
the occasional subordinate masses of sediments. 

To the dual division of the pre-Cambrian emphasized it has been ob- 
jected that it can not everywhere be applied. To this objection instant 
agreement is made. It may be equally well said that the Paleozoic can 
not everywhere be separated from the pre-Paleozoic. In the Sierra 
Nevada these groups are not yet satisfactorily discriminated. For the 
coast ranges the same point might be made as to the difficulty of sepa- 
rating the Mesozoic from the pre-Mesozoic. The fact is, the classifica- 
tion of rocks must be made from areas where the physical conditions are 
favorable for making discriminations and where the succession is full— 
not in areas where the conditions are unfavorable and the succession im- 
perfect. Wherever it is not practicable to separate the Algonkian and 
the Archean precisely, the same plan may be followed as that used where 
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it is impossible to separate the Paleozoic and pre-Paleozoic or the Meso- 
zoic and pre-Mesozoic. In such cases the rocks may be called pre- 
Mesozoic, pre-Paleozoic, or pre-Cambrian, as the case may be. 

It has been further objected that the classification of the pre-Cambrian 
is largely based on studies in the Lake Superior and Lake Huron regions ; 
this is true, but these regions are a part of the greatest pre-Cambrian 
region of the world, and studies have gone sufficiently far in other parts of 
the great Canadian pre-Cambrian area to show that it is applicable for a 
large portion of the region, and, as will be seen later, to the other great 
regions of the world in which the most extensive studies of the pre- 
Cambrian have been made (see pages 21-27). 

Specifically it has been objected to the classification that it could not 
be applied in eastern Canada, where the metamorphism is most extreme— 
that is, that it has not been determined to which group the Grenville be- 
longs. However, if Miller and Knight are correct in their recent con- 
clusions, it appears that as far east as the Hastings district the dual 
division of the pre-Cambrian is applicable. In this district the Archean 
group comprises the Laurentian and Keewatin. The upper series of 
sediments, to which Miller restricts the term Hastings, belongs to the 
Algonkian. The position of the Grenville series of the district below the 
Hastings yet remains to be certainly determined, and this leaves open the 
position of the Grenville, of the original Laurentian, and the Adirondack 
districts. But, considering the rapidity of the progress of the last few 
years, it is not too much to expect that we shall soon know where to place 
the Grenville series, and thus be able to distribute all the rocks of these 
districts between the Archean or Algonkian. 

A final point which may be raised against the dual division of the pre- 
Cambrian is that we can not know that the plane between the Archean 
and Algonkian is at the same horizon in geological provinces far removed 
from each other. This is undoubtedly true within somewhat narrow 
limits, but so characteristic are the features of the two groups that I have 
come to believe that in almost any of the regions which have been closely 
studied the rocks may be divided between the more ancient group, during 
which the peculiar conditions resulted in the formation of Archean 
rocks, and a later group, formed under ordinary circumstances. 

By the above it is not meant to imply that the Archean era ended in 
all parts of the world at the same time, for this is extremely improbable. 
But unquestionably the Archean as a whole represents a time the major 
portion of which antedates the major portion of the Algonkian. We 
have precisely the same difficulty as to exact correlation in reference to 
the Paleozoic and Mesozoic, the separation of which is made upon the 
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basis of fauna, that we have in reference to the Archean and Algonkian. 
It is not to be supposed that the characteristic Mesozoic fauna appeared 
in all parts of the world at the same time. Indeed, it is probable that 
after this first appeared in some favored portion of the globe a long time 
was required before the fauna had opportunity to migrate to distant parts 
of the world. In consequence the rocks of the remote district deposited 
during the time of migration would be called Paleozoic, although of the 
same actual age as the lower part of the Mesozoic, in the region where 
the fauna of this era originated. Indeed, Huxley many years ago recog- 
nized this principle to be of such importance that in 1862 he suggested 
a modification of the word homologous (homotaxis) to represent the 
rocks that have the same fauna, and thus escape the implication given by 
the word contemporaneous.® 


APPLICATIONS OF THE PROPOSED CLASSIFICATION TO REGIONS OTIIER 
THAN THE GREAT NORTHERN AREA 


REFERENCE TO STUDIES IN OTHER AREAS 


Aside from the great Canadian area, the largest areas of pre-Cambrian 
rocks which have been closely studied are those of western America and 
the northern part of the eastern continent, especially Scotland, Finland, 
and China. In each of the areas the dual divisions here advocated obtain. 


THE CORDILLERAN REGION 


In most of the early work in the western part of the United States the 
term Archean was applied to the pre-Cambrian rocks, no attempt being 
made to divide them on any other basis than lithology. The more careful 
work of recent years shows that there are in numerous regions, illustrated 
by the Uncompahgre mountains, the Grand Canyon district, Utah, and 
Montana, very extensive and thick series of rocks which belong in the 
Algonkian ; also in this region there are extensive areas of Archean rocks. 
Indeed, it is certain that in the Cordilleran region is a vast geological 
province in which the Algonkian rocks have a great development, and 
that these rocks rest unconformably upon a basement complex having all 
the characteristics of the Archean. 


SCOTLAND 


For Scotland, it is fortunate for this discussion that the final results of 
the many years’ work of Peach, Horne, and others on the Highlands are 
at last available. The splendid memoir of the Geological Survey of 
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Great Britain on that region has just appeared. The succession given 
for the old rocks of the western Highlands is as follows :'° 


3. Dolomites and limestones with certain fossiliferous zones. 
: 2. Serpulite grit and fucoid beds yieiding the Olenellus fauna. 
HU CARRIE o 1. Quartzites with worm-casts in the upper portions and false- 
bedded grits below. 
( Unconformability—Plane of marine denudation. ) 


{ 3. Sandstones and dark micaceous shales. 
‘ 2. Thick series of coarse sandstones and grits with conglom- 
II. Torridonian. . 4 erate bands. 
| 1. Dark and gray shales with calcareous bands, fine-grained 
[ sandstones and grits with epidotic grits at the base. 
(Strong unconformability, highly eroded land surface. ) 


( 2. A great series of igneous rocks intrusive in that complex in 
the form of dikes and sills. 
1. A fundamental complex, composed— 


(a) mainly of gneisses that have affinities, both chemic- 


I. Lewisian..... ally and mineralogically, with plutonic igneous 


products ; and 
| (b) partly of crystalline schists, which may be regarded 
L ; as probably of sedimentary origin. 


As to the importance of the unconformity between the Torridonian 
and the Lewisian, Horne says :** 


“One of the most impressive features in the history of the Lewisian gneiss 
is the abundant evidence of prolonged denudation between the cessation of the 
terrestrial movements just described and the deposition of the Torridon sand- 
stone. During the protracted interval represented by this denudation the 
gneiss plateau formed a land surface which was carved into lofty hills with 
craggy slopes and deep valleys. This fragment of primeval Hurope has been 
preserved under the pile of coarse Torridonian grits and sandstones which is 
now undergoing slow removal by the agents of waste. The observer may 
climb one of these Archean hills, following the boundary line between the 
Lewisian rocks and the younger formation, and note, step by step, how the 
subangular fragments of horneblende-schist that fell from the pre-Torridonian 
crags are intercalated in the grits and sandstones, thus indicating the slow 
submergence of the old land surface beneath the waters of Torridonian time. 
Between lake Maree and loch Broom it is possible to determine the orientation 
of these buried valleys and to prove that some of the hills exceeded 2,000 feet 
in height.” 


In the memoir the Lewisian system is often referred to as the “Funda- 
mental Complex” in exactly the same sense as we have used the term in 
the Lake Superior region for the pre-Algonkian group. Indeed, the 
Scotland Fundamental Complex has all the characteristics of that of the 
Lake Superior region. After years of work by several men, much the 
larger part of the Lewisian is mapped as “undifferentiated”—that is, it 
has not been possible in western Scotland, with the splendid exposures of 

70 Memoirs of the Geological Survey of Great Britain. The geological structure of 
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the region, and with 6-inches-to-the-mile ordnance maps of the highest 
quality, to separate the Fundamental Complex into formations, except for 
small areas. Probably nowhere else in the world are the opportunities 
better to make such separation if this were possible, and certainly no other 
geological survey has spent more than a small fraction of the time given 
by the Scotland survey to a small area of the Fundamental Complex. 

The petrographic descriptions show that the Lewisian is dominantly 
composed of igneous rocks, of which the granitic type is most abundant, 
and that the sediments are extremely subordinate. The latter rocks in- 
elude “mica-schists, graphitic schists, quartz-schists, siliceous granulites, 
limestones, dolomites, and cipolins.”!” 

The relations of the sediments of the Lewisian to the igneous series 
have not been entirely worked out. Horne says :1* 

“There is no clear evidence that these types are intrusive in the former, but 
in certain places the two are so intimately associated as to suggest that the 
rocks of igneous origin may have been injected into those of sedimentary 
origin. On the other hand, there is undoubted proof that, north of lake Maree, 
the altered sediments rest on a platform of gneiss and are locally overlain by 


gneiss with basic dikes, the superposition of the gneiss on the sediments being 
there due to folding and thrusting.” 


In the strongest possible contrast with the Lewisian is the Torrid- 
onian. Here ordinary stratigraphic methods apply and the system has 
been divided into three divisions or formations. It is clear that under 
the general classification advocated in this paper the Torridonian is 
Algonkian and the Lewisian Archean. 

While the foldings, faultings, intrusions, and metamorphisms of the 
Archean have been|so extreme and the relations of the different rocks so 
intricate that upon the general geological maps there has been no attempt 
to subdivide the Fundamental Complex, the descriptions show that in the 
central district basic rocks are developed in great force with subordinate 
amounts of ultra basic rocks, and that in the northern and southern dis- 
tricts the acid rocks are dominant. Moreover, it is stated that the basic 
rocks are the oldest group and are intruded by the acidic gneisses. Thus 
we apparently have in the Archean complex the equivalent of the Kee- 
watin and Laurentian, as we use these terms in America, with like 


relations. FINLAND 


In Finland for many years Sederholm has been at work on the pre- 
Cambrian rocks. His studies there result in a classification which is 


closely analogous to that of the Lake Superior region. His succession is 
as follows: 


“Memoirs of the Geological Survey of Great Britain. The geological structure of 
the northwest Highlands of Scotland, 1907, p. 75. 
18 Ibid., p. 4. 
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Classification of the pre-Cambrian Rocks of eastern Fenno-Scandia 


Names of the subdivisions. 


Supercrustal rocks. 


TOuMMAMe eet Oe rere oeh a 


Diabases, sandstones, lab- 
radorites, conglomerates. 


Infracrustal rocks. 


Rapakivi-granites. 


Unconformability. 


{( Upper Jatulian 
| (Onegian). 


Jatulian .. 4 


( Lower Jatulian.. 


Augite-porphyries and 
their tuffs, ‘‘metaba- 
sites,’ anthracite, dolo- 
mites, slates, sandstones. 


Le] 


‘“Metabasites,’’ dolomites, 
quartzites and quartzitic 


sandstones, conglomer- 
ates. 
Unconformability. 


( Upper Kaleyian.. 


Kaleyvian.. 4 


Lower Kalevian.. 


“Metabasites,’’ quartzites, 
conglomerates. 


Unconformability. 


Metabasites,’’ tale- and 
chlrorite-schists, dolo- 
mites, phyllites, quartz- 
ites, and quartzitic schists 
(often glassy), conglom- 
erates. 


Post-Kalevian gran- 
ites, injecting the 
Kalevian and older 
rocks, thus forming 
‘‘veined gneisses.”” 


Unconformability. 


Uralite-porphyries and 


Post-Bottnian gran- 
ites, injecting the 
Bottnian and older 


IBOUNAEINaonieondgo nono beba000 t s rocks, thus forming 
their tufts, plagioclase- ‘‘veined gneisses.” 
porphyrites, conglomer- 
ates, phyllites, leptites, 
etcetera. 

Unconformability. Post-Ladogian gran- 
_ites, diorites, am- 
: : ; : : phibolites, etcetera, 

Wad Oglala hse clicieivetoier-rre tee Phyllites and mica-schists, injecting the Lado- 
glassy quartzites, con- gian and older 
glomerates (?), ‘‘metab- rocks, thus forming 
asites,’’ dolomitic lime- ‘veined gneisses.” 
stones, hiilleflintas, et- 
cetera. 

Keatarcheeams ..:. 2.0 sce ett © ele Granitic gneisses, ‘‘ metabasites,’’ etcetera. 
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From this succession it appears that in Finland there are at least four 
pre-Cambrian sedimentary series. For the Jotnian, Jatulian, Kalevian, 
and Bottnian, Sederholm makes exactly the same point as has been made 
with reference to the Algonkian. He says: 


“At least as far back as during Bottnian time, the climate conditions were 
not sensibly different from those of later geological periods, as shown by the 
existence of rocks, which in spite of their metamorphic character show them- 
selves to be sediments with the same regular alteration of clayey and sandy 
material (‘annual stratification’) as the glacial clays of that same region, ex- 
plainable only by assuming a regular change of seasons.’™ 


He further says that the problem of the pre-Cambrian stratigraphy has 
been solved “in a decidedly actualistic direction.” While Sederholm is 
too cautious to make any definite correlations with the Lake Superior 
region, he suggests that the Jotnian is similar to the Keweenawan of 
North America, the Jatulian equivalent to the Upper Huronian (Ani- 
mikie), and that the Kalevian is perhaps similar to the Lower Huronian 
of North America. This suggested likeness is even greater when it is 
remembered that what was originally called the Lower Huronian is now 
divided into the Middle and Lower Huronian, and that the Kalevian is 
divisible into two unconformable series. 

These sedimentary series together constitute the Algonkian. ‘Uncon- 
formably below these are two series of rocks, the upper called the Lado- 
gian, and this series is intruded by the granites and gneisses of the 
Katachean. Thus Finland has the two divisions of the Archean which 
correspond to the Keewatin and Laurentian. The only essential differ- 
ence is that in the Ladogian, equivalent in position to Keewatin, the sedi- 
mentary rocks seem to be more important relatively than in America. 

It is plain that the major dual classification of the rocks of Finland 
into Archean and Algonkian is justified. 


CHINA 


In China the work of Richthofen showed that the pre-Cambrian rocks 
have an extensive development, and some of the sediments here belonging 
he tentatively correlated with the Huronian. The recent work of Willis 
and Blackwelder has placed the pre-Cambrian stratigraphy of northern 
China on a systematic basis. 

According to Willis,’® “A provisional classification of the Wu-t’ai and 
limiting systems in the type locality is as follows :” 


14 Op. cit., p. 95. 
Research in China, vol. ii, Systematic Geology, by Bailey Willis, p. 4, 
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Hu-t’o system Tung-yti limestone...... \ : aks 
(Neo-Proterozoic). Té6u-ts’un slates......... Seles) Vinuesiigiile, 2i0) ia, 
Unconformity. 

(Si-tal/seriesi- ee epee Chiefly chlorite schist ; quartzite 
conglomerate at the base. 

| Unconformity. 

Wu-t’ai system 4 Nan-t’al series......./... Siliceous marble, jasper quartz- 
(Eo-Proterozoic). ite, and schist.  - 
Unconformity. 

(UShi-tsui/serlesys 3. - he oe Mica schists, gneiss, magnetite 
quartzite, and basal feld- 
spathic quartzite. 

Unconformity. 
yale sh ante Goniplexe erectile eee Basal complex of varied gneisses 
(Archean). and younger intrusives. 


The descriptions of the Archean, or basement complex, show that it 
consists dominantly of gneisses, probably largely derived from igneous 
rocks. Within these gneisses are various intrusives among which granite 
predominates. Very subordinate masses of sedimentary materials are 
found. In short, the descriptions of this complex show that it has all of 
the characteristics of the Archean. The four sedimentary series uncon- 
formably above the Archean are composed of rocks which were originally 
muds, grits, conglomerates, and limestones. In other words, they have 
all of the characteristics of the Algonkian. 

There is thus a remarkable similarity between the Archean and the 
Algonkian of China and similar groups in North America. Indeed, the 
number of certainly recognized groups of sedimentary rocks of pre- 
Cambrian age are precisely the same as the Lake Superior region. Willis 
suggests that the three lower series which he groups into the Wu-t’ai sys- 
tem are equivalent to the Huronian of the Lake Superior region, which 
also is divisible into three unconformable series. This would leave the 
Hu-t’o system to be correlated with the Keweenawan. However, it would 
not be well to too strongly emphasize the close correlation suggested ; but 
certainly the similarity of the succession is astonishing and suggests the 
possibility that in the future we may yet be able to correlate the uncon- 
formable series in the Algonkian in provinces separated as far from one 
another as the Lake Superior region and northern China. The similarity 
of the succession in Finland gives additional emphasis to this suggestion. 

In the classification of the Algonkian presented by Willis for China he 
introduces into the nomenclature of the pre-Cambrian the words “Neo- 
Proterozoic” and “Ho-Proterozoic.” I wish to question this suggested 
practice, since I can see no philosophical basis on which such a division 
can be made; nor do the facts as described seem to me to require any such 
division. Indeed, no adequate reason is advanced or even suggested for 


ltnteetiieiniasedanediiimiimaccaanaeeceonia  e 


CONCLUDING STATEMENT Dil 


the selection of one unconformity rather than another of those in the 
Algonkian as the basis of the division. If the use of these terms results 
in the practice becoming at all general, it will be believed by the students 
beginning geology and soon by the geologists themselves that Ko- and 
Neo-Algonkian or Proterozoic in one region correspond with those of the 
other, and this would be certain to lead to error. I know of no region 
in which emphasis on one break in the Algonkian more than others is 
justified, and if this be not the case, the division is purely theoretical 
rather than factitious. In short, I foresee confusion and no advantage 
in the arbitrary introduction of the two proposed terms which have no 
philosophical basis or definite facts in the field which justify them; for 
their use amounts to the introduction of zoic terms for the divisions of 
the Proterozoic, and thus the objection made (pages 16-17) to Protero- 
zoic and Archeozoic for the major divisions of the pre-Cambrian applies 
with much greater force to Eo and Neo divisions of the Proterozoic. 


CONCLUDING STATEMENT 


In view of the foregoing considerations I present the following classifi- 
cation of the pre-Cambrian as representative of the best current views: 


: One or more series in various geological provinces separated by 
Algonkian...... “4s : et a 
unconformities. To this series local names are applicable. 
Unconformity. 
Keewatin. 
Archean........ Eruptive unconformity. 
Laurentian. 


Whether the physical contrasts which separate the Archean and Algon- 
kian are such as to justify the belief that corresponding to them are two 
life groups which may be called the Proterozoic and Archeozoic, I leave 
the future to determine, and adhere to the terms which have arisen:as a 
result of inductive studies of pre-Cambrian geology. 

Those who decline to accept a dual zoic division of the pre-Cambrian 
may still favor a single zoic term to comprise the two groups. Thus 
Emilé Haug, professor of geology in the University of Paris, in his text- 
book on geology, which has just appeared, so uses the term’ Agnotozoic. 
But if the consensus of opinion turns in this direction, it would be better, 
I think, to use Proterozoic rather than Agnotozoic as the life term. If 
the term Proterozoic be decided on for all pre-Cambrian rocks, for the two 
major divisions of the Proterozoic, the terms Algonkian and Archean 
clearly have precedence and right of way from every point of view, and 
this Haug recognized by making them the major divisions of his Agnoto- 
zoic. ‘This clearly emphasized the standing these terms have gained and 
to which their clear definitions and general applicability entitle them. 
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It has also been suggested, but, so far as I know, never in print, that 
the term Proterozoic be extended to the bottom of the column, and that 
the two divisions of the Proterozoic thus defined be Earlier and Later. 
This proposal would amount to an indirect dual division of the pre- 
Cambrian emphasized in this paper. Such usages would simply intro- 
duce other terms for the major divisions of the pre-Cambrian having a 
meaning equivalent to that of Archean and Algonkian. The only result 
of the acceptance of the proposals, so far as I can see, would be the avoid- 
ance of these terms. The ideas of those who as a result of many years’ 
work have formulated the fundamental principles upon which the division 
of the pre-Cambrian is based would be taken, but their terms rejected 
and other terms introduced in their stead which, as terms merely, are 
very objectionable. 

Tn closing I wish to express my strong belief that the dual division of 
the pre-Cambrian into two great groups of rocks seems now as firmly 
established as the division between any other two groups; indeed, the 
major contrasts between the Archean and Algonkian, in the character of 
the rocks and the earth conditions which they represent, are probably 
greater than between any other two. The only other two which have 
anything like such contrasts are the Algonkian and the Paleozoic, and 
this difference is not in the nature of the materials or the physical condi- 
tions obtaining during their depositions, but in the absence of definitely 
recognized life forms in the older and the presence of a highly developed 
fauna in the newer. Also the division of the Archean into Laurentian 
and Keewatin is firmly established, and Archean is entitled to a group 
place in the geological column. 

It is also clear that the Algonkian should have the place of a group in 
the geological column. The succession includes four unconformable 
series for at least two regions, and, according to Sederholm, five in Fin- 
land. If in the future it is possible to divide the Algonkian on a sys- 
temic basis, as the Paleozoic has been divided into Cambrian, Silurian, 
Devonian, and Carboniferous, this should be done. If this can be accom- 
plished, the terms Huronian, Animikean, Keweenawan, etcetera, would 
become systemic terms. 

Finally, I may say that the working out of the criteria under which 
the Algonkian may be divided into series which may be correlated from 
province to province is the great problem immediately before the pre- 
Cambrian stratigraphical geologist. Considering the progress which has 
been made in the past, this problem should by no means be regarded as 
hopeless. When solved the stratigraphy of the pre-Cambrian formation to 
Archean time will be placed on as satisfactory basis as the post-Cambrian. 
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INTRODUCTION 


It is now 30 years since Professor N. H. Winchell first discussed the 
history of Saint Anthony falls and 20 years since his final description of 
“The Recession of the Falls of Saint Anthony” was published.? 

The conclusions which he then reached have stood without revision 
or notable modification to this time. Both his description of the sharply 
defined gorge in which the Mississippi river runs from the falls at Minne- 
apolis to near its junction with the Minnesota river and his interpreta- 
tion of the gorge as the work of the gradually receding waterfall appear 
to have been generally accepted as final. The Saint Anthony gorge 
stands therefore today with that of Niagara falls, as one of the great 
geological timepieces by which the duration of time since the Glacial 
period may be calculated. 

The gradual recession of Saint Anthony falls for the distance of about 
8 miles in about 8,000 years, marking the time since the final melting of 


1 Manuscript received by the Secretary January 21, 1908. 
? Geological Survey of Minnesota, Fifth Annual Report, 1877, p. 175, Final Report, 
yol. if, 1888, p. 313. 
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the glaciers from the north, as calculated by Winchell, seems fully evi- 
dent from the phenomena and data as he represents them to us. His 
presentation of the subject is such that little discoverable evidence would 


FicurE 1.—WMap showing the general Relatien cf Glacial Lake Agassiz and River Warren 
to the Minnesota and Mississippi Rivers 


appear to have escaped his attention, and therefore no great modification 
or reversal of his conclusions might be expected. 

More than 10 years ago I came by accident upon evidence which had 
been previously overlooked, and which led me to think that Winchell’s 
interpretation might be open to important modification, This idea was 


| 
| 
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shared by my fellow-student, Arthur H. Elftman, to whom I am indebted 
for assistance also in some resurveying of the gorge. That the matter is 
here presented is due to the friendly suggestion of Frank Leverett, Dr 
Warren Upham, and Professor C. W. Hall. 

In the following paragraphs the general method and results of Win- 
chell’s work on “The Recession of the Falls of Saint Anthony” are 
adopted, as are also the particulars of the same in so far as newly discov- 
ered evidence does not demand revision. 

In 1890 Dr U. 8. Grant announced a discovery that the gorge in 
which Minnehaha creek flows from the falls of the same name to its con- 
fluence with the Mississippi river is in greater part the gorge of an aban- 
doned arm of the river rather than that of the creek. His discussion of 
this particular feature brings out the additional detail in regard to the 
recession of Saint Anthony falls, namely, that the falls upon a smaller 
arm or stream receded proportionately less than that upon a larger arm 
or stream and the whole rate of recession is lessened by the dividing of 
the falls. Grant’s conclusions are in accord with Winchell’s. Evidently 
Doctor Grant took no note of certain terraces which stand within the 
abandoned gorge which he described. 

I shall adopt in this paper the general results of Doctor Grant’s study, 
with such addition as the evidence of terraces within the gorge requires. 
It is in fact from studying these terraces and similar ones in another 
abandoned gorge which I had found some 10 years ago, and later still 
others along the main gorge, that I have been led to revise for myself, 
first Grant’s interpretation of Minnehaha gorge and then Winchell’s 
account of the Saint Anthony Falls recession. It is my aim at this time 
to consider, in the light of new evidence, especially the beginning and 
early stages of Saint Anthony falls and the gorge at Fort Snelling. The 
entire history of the gorge and its relation to events of the Glacial period 
are included. 


CONTRASTING VALLEYS OF TIITE Mississippr AND MINNESOTA RIVERS 


At the junction of the Mississippi and Minnesota rivers the valleys 
present a strong contrast. ‘The valley below the junction and that of the 
Minnesota above the junction are one, in that they are continuous in 
direction and are alike in being one-half mile or more wide, flat bottomed, 
and bordered by steep slopes 100 feet or more high. In contrast, the 
Mississippi valley above the junction runs at an angle with that below, 


*“Account of a deserted gorge of the Mississippi near Minnehaha falls,’ American 
Geologist, vol. 5, 1890, p. 1. 
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and is a veritable gorge, only a fourth of a mile wide, over 100 feet deep, 
its steep talus-covered sides crowding the river. This relation is shown 
in figure 2. 
For several miles in each direction froin their junction these valleys are 
cut into the same geologic formations. The features in which the valleys 
are alike are therefore referable to influence of the ground rock forma- 


SAINT ANTHONY 
FALLS 


Id. 


NV ty, ae 
Feperereyyve Vl ny 
FIGURE 2.—uap of the Minnesota and Mississippi Rivers near their Confluence 


Showing the relation of old and new valleys and of the upper and lower scarps bounding 
the terraces of the rivers 


tions, while the contrasting differences are due to other causes, namely, to 
the different streams which made the valleys. 

It has been heretofore supposed that the large, broad Minnesota- 
Mississippi valley is an “old” valley, in contrast to the gorge of the Mis- 
sissippi, which is a “young” valley. The walls of the latter are fresh or 
talus-covered only, while the walls of the former have been described as 
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“old.” In fact, the walls of the larger valley from 2 miles above the 
confluence of rivers to 6 miles below it are “young.” That which N. H. 
Winchell* and others have written about the Minnesota and Mississippi 
course being “old” is true above and below the limits just mentioned. 
There the glacial drift lies down over the walls of the valleys. 

The old valleys and new valleys referred to here are respectively pre- 
Glacial and post-Glacial valleys. Understanding of the distinction be- 
tween them involves some general knowledge of the geologic formations 
of this region. Not including alluvial deposits, dune sands, talus, etcet- 
era, the formations are the following: 


(1) The glacial drift, consisting of loose boulder-clay, sand, and gravel from 
0 to 100 feet or more thick, is the topmost geologic formation. 

(2) Next is the base of the Galena (Trenton) series, comprising practically 
horizontal strata with eroded upper surface. From 0 to 80 feet of shale over- 
lies 35 feet of limestone. For the greater part the shales are absent and the 
glacial drift rests on the limestone, which consists of two beds, namely, about 
15 feet of massive limestone on 18 feet of laminated limestone. At the base 
of the latter the strata are shaly for 2 or 3 feet. 

(3) The next subjacent formation is the Saint Peter sandstone, which is 
over 150 feet thick and passes below the rivers’ levels. It is friable, easily 
eroded, and the remoyal of it by streams causes the several cascades of the 
region, which plunge over the persisting ledge of limestone. The top of the 
Saint Peter sandstone and the limestones is practically level, so that the 
height of any waterfall here is determined by the depth to which the sand- 
stone is excavated by the stream. The steep sides of the valleys also are 
generally due to the easily eroded Saint Peter sandstone and the lateral cut- 
ting by the streams, by which the more firm limestone ledge is brought out, 
often as a cliff skirted by a talus slope. 


The valleys in the neighboring region about the confluence of the 
Mississippi and Minnesota rivers may be classified into three kinds: 

A. Old valleys, with cliffs or slopes covered by undisturbed boulder-clay or 
other glacial drift. Some of the old valleys are quite or entirely buried. 
Lakes Minnetonka, Calhoun, and others lie in such drift-covered valleys. 

B. Reexcavated old valleys, which were partly buried by glacial drift, but 
later are occupied by streams again. 

C. New valleys, which have been made since the glacial deposits were made 
and whose cliffs are not covered by glacial drift. 


Tn short, the last, or Wisconsin, glacial drift was deposited or filled 
over all preexisting valleys in this vicinity, leaving it for later streams to 
either reexcavate the old valleys or cut new ones. The valley and gorge 
from Saint Anthony falls to the junction at Fort Snelling is clearly a 
new course made by the Glacial and Recent Mississippi. The valley of 


“Geological Survey of Minnesota, Fifth Annual Report, 1877, p. 176. 
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the Minnesota, with that of the Mississippi below the confluence, as said, 
has been heretofore considered as a pre-Glacial valley, reexcavated by the 
Glacial river, the river Warren, and its successor, the Minnesota. 

It is my view that the larger valley, the Minnesota-Mississippi course, 
from 2 miles above Fort Snelling to 6 miles below it (see figure 2), is 
also not pre-Glacial, but is a new course cut by the glacial floods and the 
river Warren. The pre-Glacial course may have run by a now buried 
valley south of the present course—that is, from a few miles above Fort 
Snelling, eastward, in the direction of Hastings, or Gray Cloud island, 
there joining the present Mississippi’s valley. The pre-Glacial river cor- 
responding to the Mississippi may have entered the Minnesota valley 
above the present confluence, coming by way of the present lake Minne- 
tonka and Purgatory creek. At Saint Paul the new course of the river 
joins another pre-Glacial valley, which it follows thence southeastward. 

The history of the two contrasting valleys at the confluence of the 
Minnesota and Mississippi rivers is therefore the same excepting in the 
matter of magnitude and changes of the rivers which made them. The 
rock formations are alike and the same lime rock ledge and fresh talus 
slopes bound their sides. Only in size the valleys are contrasted, indi- 
cating that the Minnesota valley originally carried the main stream, but 
now the tributary. 

The glacial river which followed the present Minnesota valley and 
thence the Mississippi was the main stream at the time of the ice-retreat. 
As shown by terraces in the Minnesota valley’ and by the scarp above the 
lime rock bench which lies between Fort Snelling and Saint Paul, this 
river flowed for a time at a high level, to or above the present 820-foot 
contour line. At that stage it was one mile wide in its steep-sided chan- 
nel at Saint Paul. It spread out over a large part of the present Fort 
Snelling reservation. Its bottom was above the limestone ledge. Corre- 
spondingly the Glacial Mississippi was about one-half mile wide, as indi- 
cated by scarps and terraces. 

As noted by Winchell,® there could have been no Saint Anthony falls 
at that high stage of the river. The flood in the Minnesota River 
valley must first “recede,” or rather the channel from Saint Paul to 
Fort Snelling must be cut down below the limestone ledge, before the 
falls could have formed at Fort Snelling. In what exact manner the 
channel was cut down is somewhat uncertain. It may be noted, however 
(see figure 2) that this valley is double—that there is one distinct 


®* Warren Upham: Geological Survey of Minnesota, Final Report, vol. ii, 1888, p. 91. 
® Geological Survey of Minnesota, Final Report, vol. ii, 1888, p. 338. 
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channel below the other. The higher lies above the limestone ledge and 
is bounded by clay-shale and glacial morainie deposits, into which it has 
the appearance of having been cut by a large stream. The other is half 
as wide as the higher one and lies below the limestone ledge and in the 
Saint Peter sandstone, which appears in its bounding walls. This condi- 
tion of double valley extends from above Fort Snelling to the center of 
Saint Paul city. Related to the lower channel are terraces of limestone 
shingle within the valley at west Saint Paul, and potholes and loosened 
limestone blocks along the left wall of the channel, such as a gradually 
receding cataract would produce in making the channel ; also an island of 
Saint Peter sandstone stands‘ midway in the valley of the Minnesota 
river, southwest quarter of section 33, Mendota, marking the place where 
such a receding cataract should have died out upon encountering the pre- 
Glacial channel of the Minnesota river. These phenomena are readily 
explained by the hypothesis that a cataract once receded from Saint Paul 
to and above Fort Snelling, even though they may not constitute indis- 
putable proof of the same. 

Further evidence appears from comparison of this double valley with 
that of other channels which are known to have been cut by recession of 
falls or rapids. Dr U. S. Grant, in studying the abandoned gorge at 
Minnehaha, emphasizes “the fact that the river did not cut its gorge of 
the same width as the channel in which it was flowing before wearing 
through the limestone.”® 

Whether the view which I present of the cutting of this double valley 
is accepted or not, it will be agreed by all who may study this part of the 
valley that it is swept clear of glacial drift and owes its present form and 
size to the Glacial river, a stream vastly greater than that which now 
meanders within its rocky walls. The deeper, narrower channel now 
serves as a valley for the Mississippi and Minnesota, with accompanying 
floodplain, swamps, and lakes. It will be conceded, too, I hope, that the 
river did not necessarily recede in volume as it was first drawn from the 
wide upper channel into the deeper, and therefore narrower, one. 

According to the view which I have taken from the evidence already 
presented, the contrast in the valleys at the confluence of the Minnesota 
and Mississippi rivers is due directly to the size of the streams which 
made them. The valley from Saint Paul to and beyond Fort Snelling, 
which may be termed the River Warren valley, was made in a way very 


7TUpham: Op. cit., p. 81. 
Grant: Op. cit. p. 4. 
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similar in all respects to that of the Saint Anthony gorge, which indeed 
is a continuation of the former. 


BEGINNING OF THE SAIntT ANTHONY GORGE 


The erosion of Saint Anthony falls and gorge of the Mississippi began 
‘near the present Fort Snelling at a time when the Glacial river Warren 
(see figure 1) was at full volume. Winchell has estimated this begin- 
ning to have been at a much later time. He says: 

“There is reason to believe that the volume of the Mississippi was reduced 
to its modern stage before that of the Minnesota. When the Minnesota valley 
was finally relieved of the drainage from lake Agassiz, the falls of Saint An- 
thony may be said to have fairly entered upon the uniform recession which 
has been above considered.’ 


The Mississippi river undoubtedly did quite reduce to its modern stage 
while the river Warren was yet at full volume, and it may be assumed 
that such reduction in volume was affected by the final melting of the 
glaciers from the head of the Mississippi, as Winchell has above said; 
but that the Mississippi river was reduced to its modern stage before the 
recession of the falls began above Fort Snelling is not fully evident, and 
it is more than probable that the river Warren reduced to the Minnesota 
River stage long after the recession of the falls began. Besides the evi- 
dence which I have already presented, a study of the terraces within the 
gorge of the Mississippi will be given in a later paragraph to show when 
the falls began. The mouth of the gorge will be now described for the 
same purpose. 

The gorge of the Mississippi at Fort Snelling is remarkably narrow, 
and its mouth appears as if truncated by the larger valley—the Minne- 
sota (see plate 1). There is an abandoned channel or arm of the Gla- 
cial Mississippi, or, perhaps more strictly, of the river Warren, a half 
mile north and east of the mouth of the gorge. The land immediately 
on the west side of the gorge is also not high. The mouth of the gorge 
of the Mississippi is in fact far out in the original flat valley of the river 
Warren, on the upper end of what was evidently once an island. 

From the position of the gorge’s mouth it might be taken that the 
Mississippi had originally “plunged” by the shortest route over the wall 
of a preexisting Minnesota valley. Such a view appears to be the one 
entertained by Winchell. However, the reason for the narrowness and 
also for the particular location of the gorge’s mouth may be explained 
only by the existence of a buried narrow pre-Glacial valley which could 


° Winchell: Op. cit., p. 338. 
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control the Mississippi’s course at that place. The buried valley is evi- 
dent at Mendota, opposite the mouth of the gorge, on the south side of 
the valley of the river Warren. An embayment lies in the valley’s wall at 
Mendota. The back of the embayment is drift-covered or drift-filled, 
while the limestones and sandstone end abruptly on either side, as in case 
of a cross-cut buried valley. This buried valley may be a small branch 
from the buried pre-Glacial Minnesota lying south of Mendota, and it 
may have headed possibly a mile northwest of the present mouth of the 
gorge of the Mississippi. Such a valley transverse to the river Warren 
could have influenced that river’s abandonment of the left channel and 
at the same time drawn the Mississippi into its present course. 

In cutting the deeper channel, as before described, the river Warren 
followed obviously the right side of its older high and wide valley (see 
figure 2). The abandonment of the channel on the left side of the island 
opposite Fort Snelling is accounted for in a general way as due to the 
drawing of the stream to the deeper channel as it was made. In partic- 
ular, however, one circumstance requires explanation, namely, the aban- 
doned left channel beds upon the limestone ledge, as low as the crest of 
Saint Anthony falls would be at any stage. From the upper end this 
channel appears to be a course of the Mississippi abandoned just prior to 
the recession of Saint Anthony falls. At the lower end there is no chan- 
nel nor alluvial beds and no evidence of a cataract where the Mississippi 
could have plunged from this channel into the deeper valley of the river 
Warren. The only explanation for that circumstance is that the river 
Warren for about a mile below the present Fort Snelling and the Missis- 
sippi for about a mile above that point may have settled in their valleys 
simultaneously and quickly as the oblique pre-Glacial valley at Mendota 
was encountered by a receding cataract of the former river, which would 
be first at a point about opposite the lower end of the left channel. Into 
this drift-filled and easily eroded course the rivers Warren and Missis- 
sippi could quickly settle, causing the abandonment of the left channel 
at once. 

There appears therefore to have been no Saint Anthony falls at Fort 
Snelling, but rather the river settled into a narrow, easily eroded pre- 
’ Glacial valley at that place. The time of this event was while the river 
Warren had not yet cut its valley to near completion. 


HARLY STAGES OF THE FALLS 


Distinct evidence that there were falls or strong rapids on the Missis- 
sippi above the mouth of the gorge is found first about a mile upstream, 
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on the west side of the river. From the angle in the right wall of the 
gorge, in southeast quarter of section 20, township 28 north, range 23 
west, for three-fourths of a mile to the north line of the section, there are 
scarps and terraces within the gorge which show quite unmistakably the 
former presence of falls and the character of the same. At Minnehaha 
other such evidence exists, as shown on the map, plate 1. 

The best defined evidence is perhaps that near the north side of section 
20, where there is an abandoned gorge which was once an arm of the 
Mississippi. This gorge does not appear in either name or form on any 
map known to me. Lately I have heard it called Soldier ravine. It is 
a clearly defined gorge about 800 feet long and 200 feet wide, flat bot- 
tomed and -with steep slopes. It opens upon the right side of the main 
gorge at one end and ends blindly at the other. At its lower end it is 
like a “hanging valley” in relation to the main gorge. There is no stream 
or line of drainage now entering this gorge, although a steep gulch is 
cutting at the hanging end. This ravine and a roadway reveal that the 
floor of the gorge is made up for a depth of 5 to 15 feet of limestone 
blocks, with a few drift boulders resting on a very uneven or pockety sur- 
face of the Saint Peter sandstone. On the right and left, at the mouth 
of this gorge, are terraces about 10 feet above the floor, which consist 
likewise of blocks and boulders. These terraces have the same height as 
the bottom of the gorge at its head, namely, 35 to 40 feet below the top 
of the level limestone ledge. The head of the gorge has steep slopes like 
the sides. There appears to have been no filling in of the bottom such 
as to increase its original height. 

Leading into the head of Soldier gorge, there is a channel 10 feet deep, 
60 feet wide at the bottom and 100 feet over the top, which appears to 
represent the final stage of the stream which made the gorge. The chan- 
nel is cut partly in drift, but mainly in the limestone. It runs now 
from the head of the gorge 200 feet back to the edge of the next cliff, 
where it is cut off. The channel is about one-half as wide as the gorge, 
and correspondingly the head of the gorge is narrowed or rounded. At 
earlier stages there was probably a larger stream that made Soldier gorge. 

The evidence therefore indicates that Soldier gorge is an ancient aban- 
doned branch of the Saint Anthony gorge, built by a receding cataract, 
the height of which was about 35 feet, measuring from the top of the 
limestone ledge to the bottom of the gorge. The gorge was abandoned 
somewhat gradually. The history of this gorge from beginning to end, 
I find, is involved in an interpretation of the bench which was an island 
on the east side of the gorge. 

There was doubtless a fall on the arm of the river on the east of the 


i 
» 
a we 


splat itn 


« 7 ik as tne D H K psi 
MeN, te a mn” te Wis ‘, bs pels 7 . 
Pe PNR By yt WN NS, ho Ps ee 


a dc 


try wii vipen wre htt OamN sing 
« | 7 


‘ ak 
‘ gol Ny Potel Drak i 
er ee een ort nes 
ee) ote whi. 
Fe ee Oe , , 
ve i ae “ ~ . r Cah ‘ 
He omer 


BULL. GEOL. SOC. AM. 07, PEA 2 


Jugal UPRPER GAAS Ee 


U 


LIMESTONE 4 


Fort Snelling 
ee 


SAINT - PE TER 
“SANDSTONE: 


~ 


SHAKOPEE b O ) fomtTt 


Figure 1 is a section across the Mississippi river near t 


BEGINNING OF THE GORGE 39 


island, and the recession of that one to a point above the other doubtless 
caused the abandoning of this, the shorter gorge. The bench or island 
did not merely divide the streams, the falls, and the gorges, but it, too, 
gradually uncovered and extended as the gorges were making. For ex- 
ample, on the east side of the island there is the remnant of the wall of 
a cataract and gorge. The crest of this cataract is level with the top of 
the island (figure 2, plate 2), and shows that the stream flowed across 
the north part of the bench, descended by a short rapids 10 feet, plunged 
then 25 feet, and then fell about 5 feet more in the next 50 yards. At 
that point the terrace is cut entirely off by the steep cliff made by lateral 
erosion by the Mississippi. Along the cliff a person can see the nearly 
longitudinal section of the entire rapids and fall. The front of this fall 
extends in straight line northeast to southwest and the stream ran south- 
easterly. Above the fall the river at that stage covered the top of the 
limestone bench, there being notably no deepened channel for the stream. 

The east fall just described must represent a stage when Soldier gorge 
was half made, since the latter extends so much in front of the other. 
At the southwest corner of the island there is similar evidence of a cata- 
ract which relates to the terrace at that point, though it is not so clearly 
marked off as that of the east fall. It may, however, be mentioned as the 
west fall, contemporaneous with the east fall, indicating the stage to 
which Soldier gorge had then cut. The approach of the stream to this 
west fall is over the top of the lhmestone bench which later became the 
greater part of the island. 

The island appears, in short, to have been produced by the dividing of 
the falls, and not the dividing of the falls due to an already existing 
island. ‘The island at first was small and located at the brink of the 
falls. As the gorges on either side grew longer, the intervening bed, of 
the stream. was abandoned, thus extending the island. Finally this be- 
came the west bank of the river after Soldier gorge was abandoned. The 
island may have once extended some 500 feet farther north than the 
bench now does, that much of the cliff having since been cut away by the 
Mississippi at its present stage. If the island was so extended, the point 
at which the main fall and gorge intercepted the stream which was flow- 
ing to Soldier gorge might be some 750 feet north of the last named. 

What I have called the east fall may in fact have been either a middle 
fall or for a time part of the main east fall. In either case the main east 
fall appears to have receded in a course which was well toward the present 
left wall of the gorge of the Mississippi here. The Soldier gorge was the 
shorter one and therefore had a more rapid descent to the junction than 
the other had. Hxact comparison is, however, not practicable. 
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Southward from the mouth of Soldier gorge, there are other block- 
covered terraces skirting the limestone scarp for half a mile, which 
formed in part the sites of falls and in part the walls of consequent 
gorges alongside of falls. The Mississippi river at that early stage 
swept over the limestone bench west as well as east of the present railway 
track above the limestone scarp. The terraces here are all intercepted by 
the sandstone scarp which bounds the foot of the main gorge at no great 
distance from the limestone scarp, and they are crossed by three creeks, 
which have made deep ravines, so that their evidence is obscured. 'Their 
surface appears to have been covered by fewer and smaller limestone 
blocks than the more northern terraces were, and the Saint Peter sand- 
stone, being thus less protected, has suffered more from subsequent ero- 
sion. The last terrace toward the south is notably little protected by 
limestone blocks. It is high, however, a few feet only from the top of 
the sandstone. The near-by limestone scarp on the north lacks the upper 
limestone bed. There appears to have been at this point a rapids or fall 
of 20 to 25 feet only, though the bed of the channel was 30 to 35 feet 
below where the top of the limestone would be if the limestone formation 
was entire here as it is elsewhere. 

Briefly stated, the evidence shows us that the Saint Anthony falls at 
this early stage was as low as possible—that is, measuring from the top 
of the limestone which formed the crest, the falls were 35 to 40 feet to the 
bed of the river. The limestone is nearly 35 feet thick, so that the foot 
of the falls nearly coincides with the top of the Saint Peter sandstone. 
This sandstone was excavated 5 to 20 feet, this depth being filled again 
by blocks of limestone and debris. The descent from the foot of the fall 
in Soldier gorge is gradual, while that of the east fall is at first more 
rapid. From the evidence altogether, I estimate that the bed of the 
Mississippi at a distance from the fall, as at Fort Snelling, was 60 feet 
below the top of the limestone ledge at this stage. From this ledge now 
to the river is about 100 feet, and to the rock bottom of the gorge at Fort 
Snelling 175 feet, as shown in plate 2, figure 1. 


THE GoRGES AT MINNEHAHA FALLS 


The Minnehaha gorge begins at the mouth of the creek, on the right 
side of the Mississippi river, about half a mile above Soldier gorge, just 
described, and two miles above Fort Snelling. It extends for half a 
mile (see map, plate 1), and then, as U. S. Grant has made known, it 
branches, each branch extending about one-eighth of a mile to an abrupt 
head. The gorge as a whole may be distinguished into three parts—the 
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gorge of Minnehaha creek above the junction, that below the junction, 
and the abandoned branch. The abandoned branch and that below the 
junction Grant interpreted as the work of a former arm of the Missis- 
sippi river, while the part of the Minnehaha gorge above the junction is 
exclusively the work of that creek. To a certain degree that interpreta- 
tion is correct. 

Minnehaha creek flows some 20 feet wide above and below the falls. 
At the falls it spreads out over a short rapids, and then plunges 60 feet 
into the gorge of its own making. The stream descends more than 40 
feet from the base of the fall to its mouth. For 600 feet from the fall it 
flows in the part of the gorge which it alone has eroded. This Upper 
Minnehaha gorge is about 200 feet wide. At its head it forms nearly a 
semicircle, with the falls at its deepest part. The fall is thus apparently 
in a gorge much greater than its own width, though in fact the bottom of 
the gorge is only wide enough for the fall and the stream. The height 
of the falls is nearly the full depth of the gorge at its head, and fully half 
this depth is in the easily eroded Saint Peter sandstone. Deeper erosion 
is prevented mainly by the blocks of limestone which have fallen on the 
sides and bottom of the gorge and over which the stream rushes in its 
rapid descent from the foot of the fall. From the Upper gorge the 
stream enters what may be termed here the Lower Minnehaha gorge, 
through which it descends gradually to the Mississippi river. 

The Upper and Lower gorges are alike in respect to narrowness at the 
bottom and rapid descent, and since the Upper gorge is crooked, its junc- 
tion at nearly right angles with the Lower gorge is not an exceptional 
feature. ‘The sole reason for distinguishing the Lower Minnehaha gorge 
from the Upper is because there is a third part which extends continuous 
in direction, width, and depth with the former. This branch of the gorge 
is now fenced as a deer park and may be designated the Deer Park gorge. 
It extends with slowly decreasing depth for about 1,000 feet from Minne- 
haha creek and ends blindly. Grant interpreted this and also a distinct 
channel which runs from above the end of the gorge to the Mississippi as 
the course of an ancient arm of the river, which they must be. The chan- 
nel is flat bottomed, cut quite down to the limestone ledge, and is 300 to 
400 feet wide, with an escarpment 10 to 15 feet high on either side. The 
left scarp runs from its north end, on the brink of the present gorge of 
the Mississippi, around in a curve back to the same near the mouth of 
Minnehaha creek. The right scarp coincides with the right wall of the 
Deer Park and Lower gorges. 

That there was an island in the Mississippi dividing a main east arm 
from the longer west arm before Saint Anthony falls had receded to the 
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mouih of Minnehaha creek is therefore evident. That the Lower and 
Deer Park gorges were cut first by an arm of the river is also evident, and 
was done doubiless with a receding cataract at every stage. In the end 
of the Deer Park gorge was once a large cataract. ‘There is no reason 
to question Grani’s theory for the abandoning of the channel and gorge 
on the west side of the island, namely, that the cataract on the east side 
reached the head of the island first, and thus drew all the stream from 
the west channel. That the Deer Park gorge was made and abandoned 
at a time when the Upper Minnehaha gorge had been only begun is evi- 
dent from comparison of distances reached by two gradually receding 
falls, Saint Anthony falls having receded 6 miles while Minnehaha falls 
receded one-eighth of a mile in the same time. The great size of the 
stream accounts for the rapid making of Deer Park gorge. 

A feature which has been overlooked and which compels some revision 
of Grant's interpretation of the three paris of the gorge is that of a 
strong terrace within the Deer Park and Lower gorges. Considering the 
tract of land between the abandoned channel and gorge and the Missis- 
sippi river, the top of this tract is rather level and may be called the first 
terrace. It is bordered by a quite uniform scarp of the abandoned chan- 
nel, as before described. Between this scarp and the gorge is the second 
terrace, resting on the limestone ledge. The descent from the limestone 
ledge to the bottom of Minnehaha gorge is im places a single scarp, but 
mostly there are two scarps with a distinct terrace, the third terrace be- 
tween them. On the point of land between Minnehaha creek and the 
river the third terrace is well shown. Two large buildings of the Sol- 
diers’ Home stand on it, and their third-story windows are about on a 
level with the first story of buildings which are on the next higher ier- 
race. The third terrace here is about 30 feet below the second and 75 
feet above the river. lis top for 10 feet or more is made up of great 
blocks of limestone which rest on Saint Peter sandstone, all of which is 
well seen in the nearly vertical cliff next to the river. 

The third terrace is a part of the original floor of the gorge, and the 
great angular limestone blocks on its top show it to have been made at the 
foot of receding falls. The same terrace extends, with one narrow inter- 
ruption, up to a point nearly opposite the mouth of the Upper gorge. It 
extends again in the Deer Park gorge for short distances, and in the mid- 
dle of the gorge’s head a remnani lies at about 30 feet below the top of 
the limestone ledge. In one place midway in the Lower gorge a little 
lower terrace lies on the side of the third terrace. 

From the position of these block-covered terraces I am led to think that 
the fall was 30 to 40 feet high, and that the gorge when abandoned by the 
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river was 30 feet deep at its head, 40 feet deep midway, and possibly 45 
feet deep at the mouth. The original height of Minnehaha falls was 30 
feet, whereas it is now 60 feet. Minnehaha creek has not only cut back 
its gorge one-eighth of a mile, but has deepened it, meanwhile eroding 
the bottom of the Lower gorge 40 to 70 feet deeper. The Deer Park 
gorge has also deepened. ‘T'wo lines of drainage from near-by swampy 
tracts enter, one at each corner, at the head of this gorge, and those have 
changed the outline of the original crest of the old fall, as well as deep- 
ened the gorge. 


THE LAKE STREET TERRACES AND FALLSCARP 


For two miles above the mouth of Minnehaha creek the gorge of the 
Mississippi has a north to south course, with no ancient terraces within 
the gorge and narrow ones or none at the top. The limestone ledge on 
either cliff is surmounted by 20 to 40 feet of shales or by glacial drift. 
The shales appear to be continuous on the left side and to extend for the 
greater part along the right side. These, with the included crystalline 
limestone strata, are additional to that which the river encountered in 
the first 2 miles above Fort Snelling. The second 2 miles of Saint An- 
thony falls’ retreat was peculiar in that respect, but as to the effect of 
that peculiarity we know little, since the long, straight gorge there is the 
only record of the river. 

In the next, or fifth, mile from Fort Snelling the gorge curves toward 
the west. Here, as a person would expect, there are some terraces on the 
inner curve. As shown on the map (plate 1), a high terrace runs 
across the north half of section 5. This terrace is 15 to 20 feet above the 
top of the limestone ledge and is marked off by a well defined scarp on 
the west side. The stream appears to have made an island on the east 
side of the terrace. The height of the terrace rather indicates that it was 
abandoned by the river a long time before Saint Anthony falls reached 
that part of the gorge. I compare it to the high terrace at Minnehaha 
ereek. Also, near the bottom of the gorge, there is a long terrace, with a 
remnant of a fallscarp at its northwestern end, and above this there was 
formerly a sloping approach, or upper rapids, where a stone quarry now 
yawns. From notes taken over 10 years ago, when the quarry was small, 
T am able to describe that part also. Saint Anthony falls left a well 
preserved record of its course, including upper rapids, fallscarp, lower 
rapids, and river bed, here within an eighth of a mile above the west end 
of Lake Street bridge—that is, the southwest corner of section 32. A 
profile of the fall is shown in plate 2, figure 3. 

The scarp, which once formed the west end of the fall here, stands 
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transverse to the right wall of the gorge. Its crest is 30 paces long, meas- 
ured from the bank above it to the cliff by which it is now cut off. Up- 
stream from this remnant of the falls formerly extended a sloping trian- 
gular area of the upper rapids. It rose over 15 feet in the 120 paces from 
the top of the falls back to the point where it was cut off by the con- 
vergence of the bank above and the cliff below it. Formerly many small 
river shells were found under the limestone shingle, there being a foot of 
such debris between the soil and the limestone floor, so that these as well 
as the slope and position of the terrace proved it to have once been the 
river bed above the falls. The descent of the rapids, 15 feet in 120 
paces, extended from the top of the upper limestone to its base. 

The crest of the fall rested on the top of the lower limestone. The 
scarp of the fall is now covered in part by the quarry dump, but it was 
formerly regular, presenting a low cliff bordered by a talus slope, in all 
20 feet high—that is, reaching from the top to the bottom of the lower 
limestone. Originally this appears to have been a vertical fall of 20 feet. 
From the foot of that scarp a steep slope, covered by limestone blocks 
and debris on Saint Peter sandstone, runs with a gradient of 1 in 5 for 
100 feet. It changes then to a gradient of 1 in 10, decreasing gradually 
to 1 in 100; so that the bed of the river at 100 paces from the fall was 75 
feet below the top of the upper limestone—that is, upper rapids—and 60 
feet below the crest of the falls. The heights here are: upper rapids, 15 
feet ; fall and cataract, 40 feet; lower rapids, 20 feet. 

The terrace below the fallscarp consists of limestone blocks 1 foot to 10 
feet in diameter and boulders, filling over the very unevenly eroded sur- 
face of Saint Peter sandstone from 5 to 15 feet deep. The terrace is 50 
to 75 feet wide now and 40 to 20 feet above the river. At 350 feet from 
the fallscarp the terrace has been disturbed by the building of Lake Street 
bridge, but remains intact close beyond that obstacle. There it is 20 feet 
above the present river, has nearly as little gradient as the river, and ex- 
tends 60 paces wide for 400 paces. Another part of the same is seen a 
little farther along, beyond a 10-foot lower terrace which suddenly widens 
back to the foot of the bluff here, after it has pauellleow the main terrace 
in a narrow strip for a long distance. 

The falls at this stage cut the gorge here originally 30 or more feet 
deeper than it did at and below Minnehaha. (Compare figures 2 and 3, 
plate 2.) 


OTHER TERRACES 


In the last 3 miles up to the present Saint Anthony falls each turn in 
the river’s gorge preserves some record in the form of terraces and scarps 
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within the gorge. Likewise terraces remain above the sides of the gorge. 
The retreat of the falls, and hence the direction of the gorge, appears to 
have been influenced somewhat by the direction of the joints in the lme- 
stone beds, so that the course of the river preceding the falls’ recession is 
not exactly followed by the gorge. 

Most of the terraces have been disturbed more or less by stone quarries 
and the like, doubtless some of them before Winchell began his study of 
the falls. There remains clearly defined nearly all of the terrace which 
oceurred 10 to 15 feet above the limestone ledge, in several places, and 
some part at least of another, 0 to 5 feet above the limestone ledge, which 
accompanied the former generally. River shells occur in gravels along 
the scarp between those two terraces. 

Within the gorge terraces occur in several places. On the left wall of 
the gorge, at Meeker island, a narrow but characteristic block-covered 
terrace begins at 55 feet below the top of the lmestone ledge, 35 feet 
above the normal river level, and descends with decreasing gradient 15 
feet in 100 yards, and then for another 100 yards maintains about the 
same elevation, 20 feet above the river. 

In ‘Riverside park, at the north end of Twenty-seventh avenue south, 
on the right wall of the gorge, is to be seen the extreme end of a fall- 
scarp and below it a rapidly expanding terrace. The present wall of the 
gorge cuts obliquely across this scarp, so that all or nearly all of the orig- 
inal rapids above the fallscarp had been cut away even before a stone 
quarry was begun here. In the quarry 4 feet of hard crystalline lime- 
stone strata and interlaminated shale of bed number 3 appears above the 
14 feet of the regular upper limestone (bed number 2) and the lower 
limestone. Since the crest of the fall appears to have been at the top of 
the lower limestone, there would have been 18 feet descent in the rapids 
above the fall. The old fallscarp is not well preserved in form, but its 
top is seen 60 feet above the present river bed, and it has a gradient of 25 
feet in the distance of 60 feet. Thence a descent of 20 feet in 200 paces 
is followed by a gradient which parallels that of the present river for an- 
other 100 paces. The terrace in this part becomes 100 feet wide and 
then narrow again. Quarry dumps now conceal the narrow part for a 
long distance, but I remember that it was continuous with the block- 
covered strip which lies 15 to 20 feet above the river’s normal level at 
the Franklin Avenue bridge. 

The entire descent in falls and rapids at Riverside was thus 60 feet, 
the river flowing thence 15 feet above the present normal level. The now 
remaining terrace displays on its edge next to the river a fine profile of 
the very irregularly eroded surface of Saint Peter sandstone, covered 10 
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to 20 feet deep by debris, including limestone blocks 1 to 25 feet square 
and 1 to 6 feet thick. 'These blocks are almost exclusively from the lower 
limestone. 

At the old Chevertown steamboat landing, between the ends of Pleasant 
and Delaware streets, and on the boulevard, on the left side of the gorge, 
another remnant of the fallscarp is preserved. ‘The nearly right-angled 
turn in the wall of the gorge preserves the edge of an upper rapids and 
the fallscarp. These evidence that here also rapids descended 15 feet 
over the upper limestone to the fall. The fall was 25 feet high, measured 
from its crest at the top of the lower limestone. Below that scarp the 
block-covered river bed, now a terrace, slopes from west to east and is 
- 45 or 50 feet below the top of the limestone ledge and 25 feet above the 
river at normal stage. The terrace runs some 300 yards to where it is 
scarcely 15 feet above the river. A terrace which is from 10 to 5 feet 
lower borders it on the south side. 

A sloping block-covered terrace runs under Washington Avenue bridge, 
on the right side of the gorge, but the works of man have changed it too 
much for the present purpose; also, on the left end of Tenth Avenue 
bridge, the “east side flats” once presented doubtless a good record, but 
it has been defaced by early quarrying and late grading. It can be seen, 
however, that the limestone ledge had been eroded or glaciated here, so 
that 5 feet of the upper limestone was lacking. The block-covered ter- 
race began at the base of the lower limestone and sloped in some way 
down to about 10 feet above the present level of the river in a fourth of 
a mile. The height here was probably, of the wpper rapids, 10 feet; 
of the falls, 20 feet; of the lower rapids, 20 feet; total, 50 feet. 

This last terrace is so close below the position’? at which the falls stood 
when they were seen by Father Hennepin in A. D. 1680 as to represent 
practically the same stage. 


Tur Nicotiter IstAnp RAPIDS 


Before considering the Saint Anthony falls proper, which N. H. Win- 
chell has described quite fully, I wish to call attention to what may be 
called the Nicollet Island rapids, to which due attention has not been 
paid heretofore. 

The limestone ledge which formed the crest of Saint Anthony falls, 
and which is practically horizontal from Fort Snelling to the falls, shows 
a rise upstream above the falls. “At the falls it amounts to about an 
inch in 100 feet; it increases soon to 3 or 4 inches in 100 feet, and at 
Central avenue it is about 5 feet in 100 feet.” 


10 Winchell: Op. cit., p. 386 and plate Y. 
4 Winchell: Op. cit., p. 291. 
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As a result of this pronounced dip with the stream, the limestone ledge 
which forms the crest of the fall rises above the bed of the river opposite 
the lower end of Nicollet island, and at the upper end of the island it is 
wholly above the river, the Saint Peter sandstone reaching some 20 feet 
above the water level. The river channel on either side of Nicollet island 
has been cut through the limestone formation and partly into the Saint 
Peter sandstone. This condition extends up the river a fourth of a mile 
beyond Nicollet island, where, as Winchell describes it, a drift-filled pre- 
Glacial valley is met. The rise of the limestone is toward the side of that 
valley. 

Briefly stated, the Mississippi river flows along the pre-Glacial valley 
for some miles in a southerly direction to the mouth of Bassett creek. 
The old valley continues in the direction of the creek, southwesterly, 
while the river turns southeasterly over the side of that old valley. The 
Mississippi river, at an early stage, must have encountered the limestone 
which bordered the old valley, since the ledge was there at the present 
820-foot contour line. There is indeed evidence of thickly deposited silts 
to indicate that the Mississippi river and Bassett creek were impounded 
back of the limestone ledge for a time. 

The river channel would encounter the limestone on its upturned edge, 
and a rapids would soon result from such a barrier. As the river cut its 
way obliquely through the limestone the rapids must pari passu descend 
the river. At an early stage the river flowed in a rapids in part over the 
now high and rocky upper end of Nicollet island, while in its last natural 
stage (1856) I learn that the rapids began opposite the lower end of the 
island, reaching thence to the falls. 

There has been evidently this Nicollet Island rapids descending the 
river, cutting the limestone ledge at one edge, while Saint Anthony falls 
ascended the river, cutting the ledge at the other. In its last stage Saint 
Anthony falls has entered the reach of the Nicollet Island rapids. The 
last stage is therefore very different from earlier ones. 


Saint ANTHONY FALLs 


To the description of Saint Anthony falls I need add but little. This 
fact should be noted, however, that the last stage of the falls differs as 
compared to earlier stages in that the lower limestone remains alone, the 
upper limestone having been cut away under the river by the Nicollet 
Island rapids, into which the falls had receded. An artificial dam above 
the falls now raises the water to about the level of the upper limestone— 
that is, to 795 feet above tide—which appears to have been the height of 


48 fF. W. SARDESON—SAINT ANTHONY FALLS 


the river above the falls in its earlier stages. Excepting for the artificial 
dam above the falls, the river there might be 15 feet lower than it was in 
earlier stages. Winchell had estimated that the limestone formation dips 
15 feet from Fort Snelling to the falls, but I am not able to find by using 
the contour map of the U. S. Geological Survey that such is the case. 
The lowering of the river above the present falls much rather began with 
the joining of the Nicollet Island rapids and the rapids above the falls 
and the consequent reducing of the upper limestone. This lowering 
would be gradual. Very probably Father Hennepin saw the falls of 
Saint Anthony (1680) before the river had cut all the upper limestone 
from its bed, and possibly the change was not complete when Carver 
(1766) saw it. The increased rate of recession of the falls, too, since 
Carver’s time, as calculated so nicely by Professor N. H. Winchell, may 
be due to the changed condition of the falls and rapids. 

With the bed of the river resting on the top of the lower limestone 
only, the last stage of the falls began. ‘The manner of recession has be- 
come a matter of historic record. While since 1871 the front of the falls 
has been protected by an “apron,” yet the recession had been well observed 
before that time.*? I have seen two breaks in the crest which have 
oceurred in the last few years. “It is not so much the excavation at the 
foot of the falls that causes the recession as the excavation of the sand- 
stone just below the lime rock by water that enters natural joints in the 
rock and comes in contact with the crumbling sandrock, causing dislodge- 
ment and final downthrow of large blocks.”4* Recently caves formed 
under the limestone and enlarged until the ledge fell. Blocks once thrown 
down were farther lowered by eroding of the sandstone from under them 
gradually, so that a block-covered rapids extended from the foot of the 
falls to where the blocks had been brought as low as the undermining of 
them could proceed. 


ConcLUSION 


As already stated, the Minnesota-Mississippi valley from above Fort 
Snelling to Saint Paul is not a pre-Glacial valley, but a Glacial and post- 
Glacial one, which was cut to its maximum depth by the river Warren, 
in the same manner as the Saint Anthony gorge was made by the Missis- 
sippi river. The recession of Saint Anthony falls may be taken as having 
begun in a fall or rapid of the river Warren over 5 or 6 miles below the 
confluence of the Minnesota and Mississippi rivers. That fall ended 
above the confluence on the river Warren in the Minnesota valley. The 


2 See Annual Report Chief of Engineers to the Secretary of War for 1870, p. 278. 
13 Winchell: Op. cit., p. 340. : 
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recession of Saint Anthony falls proper is a continuation of the former on 
the Mississippi above the confluence. 

During the entire recession two events are presumed necessarily to have 
influenced the volume of the rivers: One was the melting away of the 
glacier from the head of the Mississippi (see figure 1), presumably caus- 
ing a marked reduction in volume of the river from its Glacial to its 
modern stage. ‘The other was the breaking of the ice-barrier and open- 
ing of drainage to the northward, by which lake Agassiz was drawn off 
and the river Warren reduced to the Minnesota river stage. 

Regarding the reduction of the Mississippi river, a double system of 
terraces and scarps is evident above the walls of the Saint Anthony gorge 
in several places.1* These belong undoubtedly to the river at stages pre- 
ceding the making of the gorge. They are interrupted by the widening 
of the gorge, and thus are not continuously traceable, but yet appear to 
represent two distinct stages of the river. The lower of the two hes dis- 
tinctly within the upper, so that a person may readily interpret them as 
representing respectively the modern stage and the Glacial stage of the 
Mississippi. The higher or Glacial Mississippi terrace extends from 
Nicollet island to and continuous with the terrace and scarp of the river 
Warren, as shown in plate 1. The lower terrace coincides with the 
present river channel above the falls and is evident for 6 miles, or to the 
mouth of Minnehaha creek. I have not distinguished it beyond the Sol- 
dier ravine. The change in the Mississippi river consequent to the melt- 
ing of the glacier from its head may be referred to the stage of the river 
to which the making of the Soldier gorge belonged—that is, when the 
falls were 114 miles above Fort Snelling. 

The reduction of the river Warren may also be correlated with a stage 
of the recession of Saint Anthony falls and the making of the gorge. 
The rock gorge of the Mississippi at Fort Snelling is 75 feet deep below 
the level of the river (figure 1, plate 2), and the valley thence to Saint 
Paul is the same. The falls did not excavate to that depth, as is shown 
by the evidence seen in terraces and also by comparison with the gorge 
above Lake Street bridge at lock and dam number 2, where the river was 
found to run on the sandrock bottom of the gorge. The bottom of the 
gorge at Fort Snelling and thence to Saint Paul is to be considered as a 
refilled valley. The time of the maximum depth may well be considered 
as that of the last days of the river Warren. The time of maximum 
depth of the gorge should also correlate with the time of greatest height 


144A still higher and very distinct terrace runs parallel to the east side of the gorge, 
but it belongs to the time of glacial occupation preceding the forming of the Mississippl 
river proper, and is not considered here. 
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of the falls at the temporary head of the gorge. The stages indicated by 
terraces and fallscarps show the height of Saint Anthony falls and rapids 
together to have been as follows: At Fort Snelling, no falls; at 2 miles 
the descent was 40 feet; at about 4 miles, 75 feet; at 6 miles, 55 feet ;?° 
at 8 miles, 50 feet. The time of the reduction of the river Warren may 
therefore be correlated with the falls when at Lake Street bridge, or about 
half way from the mouth to the present head of the gorge. 

Regarding the rate of recession, it can not be said to have been uniform. 
For the 5 miles below Fort Snelling I have no data from which to calcu- 
late directly, but from above that point the first mile of the gorge of the 
Mississippi was evidently taken up by the river very quickly, by reason of 
a pre-Glacial valley there. Thence for a mile—that is, to Minnehaha 
ereek—the evidence of the waterfall is seen. It evidently reached in 
depth only to the base of the limestones, where the stream, rebounding 
from the limestone blocks which had fallen, could surge back and under- 
mine the scarp by washing away the friable sandstone. The limestones 
are jointed at intervals of 10 to 40 feet, and this facilitated the caving off 
of blocks. That both limestones were thrown down together is evident, 
since the upper is mingled with the lower in the debris now found in the 
terraces. The lower lmestone predominates, however, and this is evi- 
dently because the upper is not so thick and, moreover, had been reduced 
by erosion in the rapids, which extended 50 or 100 feet beyond the fall- 
scarp. 

At the Lake Street, or 4-mile, stage the rate of recession appears to 
have been slower than at the 2-mile stage. An upper rapids extended 
back over 300 feet, indicating time for erosion of the upper limestone. 
The caving off from the front of the fallscarp was evidently slow. The 
blocks, which cover the terrace below the fall, are almost exclusively from 
the lower limestone, testifying that the upper limestone was all eroded 
preceding the falling of blocks. The recession of the fall involved evi- 
dently first the complete removal of the close-jointed upper limestone; 
second, the caving down of the lower limestone in blocks, because of 
water entering its joints and undermining the sandstone; and next the 
great blocks forming a lower rapids were slowly undermined, sinking to 
the bed of the river. This manner of recession at the Lake Street stage 
appears to have continued to the Tenth Avenue bridge, or 8-mile stage, 
where the falls entered the Nicollet Island rapids. 

In its last stage the falls entered the Nicollet Island rapids and made 
doubtless a greatly accelerated retreat, because the upper limestone was 


Sixty feet high at Riverside park includes 4 feet above the top of the second lime- 
stone. 
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wanting, as already described. The rate at this stage is the one which 
Winchell very nicely calculated. He believed that the same rate applied 
to the making of the entire gorge, which it evidently does not. 

Very possibly the falls were only entering the Nicollet Island rapids at 
the time when Hennepin and Carver saw them, and the upper limestone 
was not all gone from the fallscarp. Winchell calculated the recession 
of the falls from the time when Hennepin saw them, A. D. 1680, to that 
of Carver, 1766, to be 412 feet, or 4.79 feet per year, and from 1766 to 
1856 to be 606 feet, or 6.73 feet per year. ‘The increase of 40 per cent in 
the rate of the second period over the first indicates, I think, that the falls 
were in transition stage. In that case also the first must be an increased 
rate over that of stages preceding the entrance of the falls into the Nicol- 
let Island rapids. Since 5 feet, or one-third, is lacking from the upper 
limestone at Tenth Avenue bridge, it seems probable that the same was 
only half eroded away at the time of Father Hennepin’s visit. We may 
therefore assume four periods of accelerated recession, of which the two 
just cited as calculated by Winchell are the last. If we accordingly dis- 
count the rate of the third, 4.79 feet per year, by 40 per cent twice, we 
may find the probable rate of recession (2.44 feet per year) previous to 
the entrance of the falls into the Nicollet Island rapids. 

While the rate of recession of the falls as taken by Winchell is twice too 
great, the length of recession which he takes for the time since the falling 
of the river Warren and ending of the ice-barrier in the north is twice too 
long. At the time of that event he supposed the falls to have begun at 
Fort Snelling, while most probably they were half way along in retreat, or 
at the Lake Street stage. From there to Tenth avenue the recession was 
fairly uniform. Taking, then, one-half the rate and one-half the length, 
the number of years, as calculated by Winchell for the event of the reduc- 
tion of the river Warren, is not necessarily changed. Hight or ten thou- 
sand years may have elapsed while the last 4 miles of the gorge were 
making. 

Probably no less an interval elapsed while the preceding 4 miles were 
making from above Fort Snelling to Lake street, though in this case the 
rate was not evidently uniform, and calculation of years from distance 
divided by a supposed rate would be very uncertain. The recession was 
at first comparatively rapid, but the falls during that interval were in- 
ereasing in height, tending toward slower recession. The volume of the 
stream may have been reduced much below that which it was later, and 
this would tend toward slow recession. Here, also, for a part of the dis- 
tance, perhaps a mile, as said, the limestone was augmented by crystalline 
limestone and shales. Of the effect of all this we have no good record 
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for a distance of over 2 miles. The fall possibly approached the cascade 
type, as seen in the Minnehaha falls now, where the limestone stands in 
an overhanging ledge from which the stream makes a clear leap to the 
bottom of the gorge. The recession of Minnehaha falls depends on the 
weathering down of the shaly contact between the Saint Peter sandstone 
and the limestone. The limestone then scales off in small pieces, from 
the base upward, and the sandstone washes slowly away, so that a ledge 
remains upon which a pony can be ridden under the falls. 

The gorge from Saint Paul to Fort Snelling is still more uncertain. 
In a more general comparison it may be said that we have represented 
‘in these gorges three periods or units. From Saint Paul (representing 
locally the beginning of ice-retreat) to the Soldier gorge above Fort 
Snelling is one unit; from the Soldier gorge (representing the time of 
the glaciers’ retreat from the head of the Mississippi) to the Lake Street 
stage is a second unit; from Lake street (representing the time of falling 
off of lake Agassiz and river Warren) to the present is a third unit. If 
the last is 10,000 years, the other two may be each no less, giving 20,000 
years as the duration of the river Warren and 30,000 years as the lapse of 
time since the glaciers decamped from Fort Snelling. 
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INTRODUCTION 


The agency of the wind in the degradation of land areas is generally 
recognized, in the abstract, as comparable with that of water, excepting 
as to the magnitude of the work done. It is evident that air currents 
transport dust and sand particles, and the abrasive action of a sand 
blast is in kind similar to the erosive effect of a debris-laden flood, but 
due recognition of the role played by the wind in the erosion of special 
areas 1s perhaps not so commonly accorded. Recent observations con- 
vince me that the Great Plateau country of the western United States is 
one of the provinces in which the effective degrading or denuding agency 
of the wind has not been fully appreciated. The facts on which this belief 
rests will be presented in the order in which they were observed. 

The first thing to be considered will be certain apparently eolian soils 
occurring about the mountains in Colorado; then follows evidence that 
the wind-blown material came from the Plateau country. A district in 
Utah where wind work has clearly been done will be described and facts 
given tending to show the quantitative measure of the work accomplished. 


HOoLIAN Soin In CoLorapo 


Adjacent to the San Juan mountains of Colorado, and particularly in 
the larger river systems, there are notable gravel plains at various eleva- 
tions between 50 and 400 feet above the adjacent streams of today. The 
higher and older of these plains cover many square miles in the drainage 


1 Published by permission of the Director of the U. S. Geological Survey. Manuscript 
received by the Secretary of the Society February 3, 1908, 
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system of the San Juan river and clearly antedate the recent glaciation of 
the mountains. A discussion of these gravel terraces and plains, as to 
their origin and relations, has been published by Mr Howe? and myself, 
and the only feature of present interest is a peculiar fine, reddish, sandy 
soil which occurs almost everywhere as a mantle to the gravel deposits. 
The invariable character of this soil and its presence on terraces of differ- 
ent elevations attracted the attention of A. C. Spencer, who, in 1896, was 
my assistant in the survey of the La Plata quadrangle, Colorado, and was 
particularly charged with the study of Quaternary problems. Mr Spen- 
cer believed this red soil to be of eolian origin, and the correctness of that 
opinion has become more and more evident with extended observations. 
The thickness of the deposit in question is commonly several inches, 
while in some places it exceeds 2 feet. The red soil has seldom been 
observed on other surfaces than the gravel plains and terraces. Viewing 
it as of eolian origin, it is natural to suppose that the sand first lodging 
between gravel grains and pebbles became a soil permitting a vegetable 
growth, which in turn served to catch and hold more sand. The light, 
wind-blown particles do not seem to have accumulated on inclined sur- 
faces, which would be more exposed to the degrading action of wind or 
water than the level plains. It is, however, quite possible, as Mr Spencer 
has suggested to me, that eolian soil may exist on certain old mountain 
slopes covered by forest growth and changed in color by the action of 
humus acids. Observations directly bearing on this have not been made. 
This red soil seems wonderfully constant in character, and it is be- 
lieved that its average mechanical constitution is represented by the sub- 
joined analysis of a sample collected by myself from a terrace adjacent to 
the La Plata river, at a point in New Mexico very near the Colorado line. 
At this locality the soil was more than 1 foot in thickness, and the speci- 
men obtained did not appear to have been disturbed by the plow. Through 
the courtesy of Dr Milton Whitney, in charge of the Bureau of Soils, U. 
S. Department of Agriculture, Mr Lyman J. Briggs made the following 
mechanical analysis of this red soil from La Plata valley, New Mexico: 


Grayel, | Coarse |Medium| Fine Vow Silt, | Clay, 
Oreanic| 2 Milli: | sand, |sand, 0.5) sand, sand. 0.1] 9:02 to 0.005 to 
No. ree meters | 1 to 0.5} to 0.25 | 0.25 to een 0 05 0.005 | 0.0001 
“|tolmil-| milli- | milli- 0.1 mill- varie milli- | milli- 
limeter.| meter. | meter. | meter. eee meter. | meter. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
78642. ..... 0.79 1.74 5.66 3.02 9.72 38.00 28.40 12.50 


2 Ernest Howe and Whitman Cross: Glacial phenomena of the San Juan mountains, 
Colorado, Bull, Geol, Soc, Am,, vol. 17, 1906, pp, 251-274. 
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This analysis shows that more than 88 per cent of the sample consists 
of particles less than 0.25 millimeter in diameter. According to the 
investigations by Udden® as to size of grains in wind deposits, about 86 
per cent of dune sand measures between one-half millimeter and one- 
eighth millimeter in diameter; from 70 to 95 per cent of “lee sand” is 
between one-fourth millimeter and one-sixteenth millimeter in diameter, 
and in atmospheric dust a great majority of the particles measure be- 
tween one-eighth millimeter and one-thirty-second millimeter. Certain 
yoleanie dust deposits examined by Udden gave results upon diametrical 
analysis quite near that of the red soil. So far as the mechanical consti- 
tution of the red soil is concerned, it may well be chiefly atmospheric dust 
derived from a great distance. 

The geographic situation of the supposed eolian soil deposits on the 
eastern border of the Plateau province, in conjunction with the preva- 
lence of strong winds from the west during much of the year, serves to 
indicate the probable derivation of this fine sand from the desert area of 
the plateaus. Opportunity to trace the deposits to the general region of 
their apparent source was given me in 1905, during a reconnaissance 
from Mancos, Colorado, to Moab, in Grand River valley, Utah.* The 
route of travel led over the broad arid plain between Montezuma creek 
and Dolores river, which is called the Great Sage plain on the Hayden 
topographic map of Colorado and eastern Utah. ‘This plain is underlain 
by the Dakota Cretaceous sandstone, with remnants here and there of the 
soft Mancos shale resting on that sandstone. 

That a red sandy soil as a coating is not in fact peculiar to the gravel 
plains already discussed is shown by the occurrence of the same material 
at many points on the Great Sage plain, covering sandstone or shale, as 
the case may be. It is held in place by the same kinds of desert vegetation 
which grow on it in the zone nearer the San Juan mountains. No greater 
thickness of the sand was found on the broad plateau than on the terraces 
of the La Plata and other tributaries of the San Juan river to the east. 

The method of transportation of the red sand or soil is visibly demon- 
strated to the traveler riding over the Great Sage plain on a hot summer’s 
day, for on every hand he sees huge columns of dust, rising as whirlwinds, 
sweep over the arid waste. ‘This dust is thus borne to higher strata of 
the atmosphere, where it is caught by strong currents and carried to 
varying distances. The prevalent winds of the present time blow from 


8jJ. A. Udden: The mechanical composition of wind deposits. Augustana Library 
publication no. 1, Rock Island, Illinois, 1898. 

‘Whitman Cross: Stratigraphic results of a reconnaissance in western Colorado and 
eastern Utah. Journal of Geology, vol. xv, 1907, pp. 634-679. 
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the northwest, and it seems reasonable to suppose that they have long had 
the same direction. While the wind transportation of dust and fine sand 
is thus demonstrated on the plain, the whole process of deflation, of which 
the transportation is a part, may be studied in the area lying between the 
Abajo and La Sal mountains. Here also may be found some measure of 
the denudation accomplished. 


Tue PLaTEAu CountTRY Hast oF GRAND River, UTAH 


If the reader will refer to the Hayden map of this border zone between 
Colorado and Utah,® or to the Abajo and La Sal topographic sheets of the 
U.S. Geological Survey, he will see that the Great Sage plain, floored by 
the Dakota sandstone, forms the divide between these two mountain 
groups, wraps around the northern base of the Abajo mountains, and 
ends in flat-topped ridges reaching out toward the Grand River canyon, 
but a few miles distant. The scarp by which the plain is terminated on 
the west and north is the uppermost of a series of cliffs marking the out- 
crops of the harder, more resistant members of the middle Mesozoic sec- 
tion which have been cut through by Grand river. The:same rocks also 
form the floor of terraces extending back from these scarps to varying 
distances. It is this type of topography which characterizes the Plateau 
country adjacent to the larger canyons, not so overpowering here as in 


the Colorado Canyon district farther south, yet meriting the glowing _ 


descriptions given of it by Newberry® and Powell.* The principal sand- 
stones seen in scarps or terrace floors, as the case may be, occur at various 
horizons within the White Cliff (Jurassic) or Vermilion Cliff (Triassic) 
groups of Powell, or, in the terminology of the southwestern Colorado 
stratigraphic column, respectively the La Plata and Dolores sandstones. 
Between the La Plata and Dakota sandstones occurs the McElmo (Juras- 
sic) formation, some 500 or 600 feet thick, made up of friable sandstones, 
sandy marls, and clays, so destructible that the formation usually presents 
a steep debris-covered slope below the Dakota rim of the upper plateau. 
All these formations are prevailingly reddish in color, varying from light 
pink to the strong deep red of the Vermilion Cliff sandstone. The White 
Cliff sandstone forms the “Orange cliffs” of this region, and in many 


5U. S. Geological and Geographic Survey of the Territories, etc. Geological and Geo- 
graphic Atlas of Colorado and portions of adjacent territory, by F. V. Hayden, 1881, 
sheets xiv and xy. 

8 J. S. Newberry : Report of expedition from Santa Fe, New Mexico, to the junction of 
the Grand and Green rivers of the Great Colorado of the West, in 1859. Washington, 
1876, pp. 93-100. 

7J. W. Powell: Exploration of the Colorado river of the West and its tributaries. 
Washington, 1875, 
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Ficure 1.—View IN Dry VALLEY, UTAH, BETWEEN ABAJO AND LA SAL MOUNTAINS 


To show the level floor and desert vegetation: an isolated hill of Jurassic sandstone 
with characteristic deflation sculpture, and the distant plateau border of the valley 
made of the same sandstone. Photograph by Cross, 1905 


FiGurRE 2.—Casa CoLorapo, Dry VALLEY, UTAH 


A hill of white Jurassic sandstone with alcoves such as are common in the district. 
Photograph by W. Il. Jackson 
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places its color has led to its mistaken correlation with the Vermilion 
Cliff sandstone. 


DEFLATION IN Dry VALLEY 


The area between Grand River, the La Sal, and the Abajo Mountain 
groups has few deep canyons. The principal one is that named “Cafion 
Colorado” by Newberry, who descended it to Grand river. The name is 
also used on the Hayden map, but is omitted from the Survey sheets. 
This canyon derives its principal water supply from the slopes of the La 
Sal mountains, but its largest drainage area is a broad basin, appropri- 
ately named Dry valley. This valley, with its several branches, occupies 
the greater part of the area between the La Sal and Abajo mountains. It 
approaches to within a few miles of the slopes of the Abajo group, but 
now receives no water from that source, since the streams heading on the 
northern slope curve either to the east to join Montezuma creek, a tribu- 
tary of San Juan river, or west directly toward the Colorado. 

At the head of Dry valley three of its branches cut back into the Great 
Sage plain as narrow streamless canyons several hundred feet in depth, 
shown on the map; but the greater part of the basin is an arid expanse 
with low ridges of gray or light red sandstone. The main floor is at or 
very near the top of the lower division of the White Cliff sandstone and 
approximately 1,000 feet below the level of the Great Sage plain. 

The general character of the valley floor and of the sandstone ridges 
between its branches is shown by figure 1, plate 3. While there may be 
local ravines cut into solid rock, where cloud-burst floods have done their 
work, there is, in the portions of the valley I saw, no continuous water- 
course through which debris is now transported, even by flood water. 

The sandstone ridges, such as those of figure 1, exhibit many evidences 
of rather rapid wasting through the usual disintegration due to the atmos- 
pheric conditions of desert lands. The sandstone is normally a very 
massive, fine-grained, even-textured rock, friable and crumbling under 
the blow of a hammer. In many places a dust-like coating is on the more 
protected surfaces, while miniature talus heaps of fine sand are found 
below some exposed faces. In many places thin coats of brown “desert 
varnish” preserve the exterior, while the interior is rotten or cavernous. 

The topographic forms presented by the La Plata sandstone of Dry 
valley are almost invariably of rounded contours such as suggest to the 
trained eye the sculpturing of wind erosion. Peale records in these 
words the impression produced on him on seeing this district from the 
summits of the La Sal group: “The beds appear to be horizontal and in 
many places have cayve-like holes worn by rain and wind.”® 


8A. C. Peale: U. S. Geological and Geographic Survey of the Territories, ete., Ninth 
Annual Report for 1875, p. 66. 
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Holmes received similar impressions on viewing Dry valley from the 
Abajo peaks.? The “cave-like holes” noted by Peale form, in fact, one of 
the most peculiar characteristics of Dry valley. It is common to find the 
exposures of the upper La Plata sandstone sculptured with huge recesses 
or alcoves, both in the more exposed ends of ridges and in long lines of 
rounded cliffs. Figure 2, plate 3, represents the “Casa Colorado,” as named 
by Newberry, an isolated remnant of sandstone near the upper end of Dry 
valley. From the colored sketch of this point given in Newberry’s 
report,?® it seems certain that a photograph by W. H. Jackson, in the files 
of the Geological Survey, represents the same sandstone monument, and 
this photograph is reproduced here as figure 2. The character of the 
alcoves is here well illustrated and needs no further description. 

Such erosional remnants are not uncommon in Dry valley. One ob- 
served by our party seems, from its position, to be the Casa Colorado of 
the Hayden topographic map. This is shown in figure 1, plate 4, and it is 
manifestly not the one so called by Newberry. In this case the alcoves are 
lacking, but the rounded faces suggest the modeling of wind action. 

Another interesting illustration of these peculiar cave-like forms is 
afforded by Looking-glass rock, near the southwest base of the La Sal 
mountains, of which a view is given in figure 2, plate 4. In this case a 
huge alcove on the southern face actually penetrates the rear wall, and 
there is a large opening through it. The scale of the whole is shown by 
the minute figures of two men standing in the window at the rear and by 
the mule on the plain in front of the alcove. 

At the time of visit the walls of this aleove had a thin coat or crust of 
disintegrated sandstone, crumbling at a touch. This is clearly the com- 
mon meal of disintegration, due largely to the great diurnal change of 
temperature characterizing the region, which is particularly effective 
upon just such rocks as the La Plata sandstone. That the alcove is not 
wholly the result of excessive local decay of that sort is plain from the 
coarse debris upon the floor, representing the breaking up of huge scales 
of rock detached en masse from the ceiling. The fragments are in process 
of disintegration just as are the walls. The swirling eddies of fierce 
blasts sweep this loose dust and sand out of the alcoves. 

Our observations were not extended enough to demonstrate fully the 
process by which these alcoves in the La Plata sandstone have been made, 
but it seems to me that it must have been chiefly through the disintegra- 


°W. H. Holmes: U. S. Geological and Geographic Survey of the Territories, etc., 
Tenth Annual Report for 1876, p. 191. 
#0 J. S. Newberry : Report of expedition from Santa Fe, New Mexico, to the junction 


of the Grand and Green rivers of the Great Colorado of the West, in 1859. Washing- 
ton, 1876, plate vi. 
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FiGure 1.—HILL OF WHITE JURASSIC SANDSTONE, Dry VALLEY, UTAH 


Shows characteristic wind-sculptured forms of the region. Photograph by Cross, 1905 


FIGURE 2.—LOOKING-GLASS Rock, Dry VALLEY, Ural 


A remnant of white Jurassic sandstone with a large alcove which penetrates the rearwall. The size 
of the opening indicated by the figures of two men. Vhotograph byCross, 1905 
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tion of the sandstone and the removal of debris by wind. ‘To this must 
be added occasional corrasion by sand-laden blasts. When an alcove has 
been formed its growth may be greatly accelerated through the scaling off 
of rock flakes from roof and side walls. 
Aside from the larger alcoves just discussed, the faces of La Plata 
.sandstone are in numerous localities characterized by small pits, which 
are in some places most abundant in certain strata and are hence arranged 
with some regularity; but in other localities they are abundant and very 
irregularly arranged in the massive cross-bedded rock. These cavities are 
common features of crumbling rocks in desert lands and have been abun- 
dantly illustrated by Walther and others. In figure 2, plate 3, and figures 
1 and 2, plate 4, may be seen areas where such small pits are plentiful. 
As processes now in operation, the decay of rocks in an arid region and 
the action of the wind in the removal of waste are more strikingly illus- 
trated in Dry valley than in any other district I have examined, but the 
extent of the work thus performed in the past is most plainly indicated by 
other facts than those thus far recited. The floor of Dry valley, like that 
shown in figure 1, plate 3, is strewn with subangular or partially rounded 
fragments of impure chert, indurated sandstone, conglomerate, and bluish 
gray sandy limestone. Many fragments are from 1 to 3 feet in diameter 
and a few are much larger. They are not by any means sufficiently abun- 
dant to form a connected layer, but several lie close together in many 
places. It is rare to find an interval of as much as 200 yards between 
fragments. No part of the valley floor traversed by various members of 
our party was found to be free from such large fragments, nor were they 
seen in stream beds, as if accumulated by torrents. The hard cherty or 
dense siliceous rock fragments were most abundant. Many blocks are 
polished and grooved by sand-laden wind. Few are rounded sufficiently 
to be compared to water-transported boulders. 
As to the origin of these masses, it is evident that they are not derived 
from the La Sal or Abajo mountains by recent glacial transport. The 
former small valley glaciers of both groups ended at or very near the 
debouchure of the mountain gulches on the surrounding plains, as was 
ascertained by morainal and other evidence at several localities. The 
debris can not, indeed, be plausibly referred to a mountain source by any 
means or at any time, for the reason that the hard intrusive porphyries 
of the numerous laccoliths and sills of these mountains are not repre- 
sented in this debris. Gravel plains coated by small, well rounded peb- 
bles, among which are many of porphyry, do extend a short distance into 
the southwest head of Dry valley, and these are probably outwash plains 
of the recent glaciers or interglacial terraces comparable to some of those 
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about the San Juan mountains. Such gravel deposits are distinct from 
the coarser debris scattered over the entire valley. 

The rocks occurring in these large fragments are all of sedimentary 
origin, and familiarity with the section of the region soon suggests their 
source. The conglomerate mentioned as a component of this debris is 
relatively rare, and it is unmistakably derived from the Dakota sand- 
stone. It is mainly composed of small chert pebbles of various colors and 
shades, and is typical of the basal conglomerate of the Dakota as known 
all through Colorado and in other states. The conglomerate was found 
to be particularly well developed at the base of the Dakota in the southern 
arm of Dry valley, called “Cold Spring cafion” on the Hayden map. 

The rusty indurated sandstone, which is more abundant than the con- 
glomerate in the valley debris, is likewise probably derived largely from 
the Dakota. A cementation of the Dakota sandstone by silica and iron 


hydroxide is much more common than in the McElmo and La Plata for- - 


mations, and many fragments of the valley floor are very similar to strata 
visible in the Dakota sections about the valley. 

The cherty fragments and the limestone were not so readily referred to 
their proper horizon, but an examination of the upper surface of certain 
La Plata ridges, like those of figure 1, plate 3, showed an almost contin- 
uous deposit of fragments, and exposures of the zone between the McElmo 
and La Plata formations revealed the presence, just above the La Plata, 
of a stratum several feet thick made up chiefly of impure cherty material. 
Where best exposed, on the road from Moab to Monticello, as it descends 
from the divide north of Canes spring, this stratum is made up of a con- 
fused brecciated mass of dense siliceous rock with a sandy calcareous 
cement. The limestone was not seen in place, but is believed to occur 
at or very near the horizon of cherty material. No fossils were found in 
it, though repeatedly looked for. 

My conception as to the origin of these blocks scattered over Dry valley 
is that they are the residue of the harder rocks in the section of sediment- 
ary beds out of which the valley has been carved mainly by deflation, 
using this term as proposed by Walther! for wind transportation. They 
appear to have been let down gradually through the disintegration and 
transport of the soft clays, shales, and sandstones of the Dakota, McElmo, 
and upper La Plata formations. 

The fine desquamation products of sandstone and shale in Dry valley 
have of course been subject to some degree of transportation by water. 
The features of the valley already mentioned indicate, however, notable 
aridity and rarity of floods. The wash of occasional rains must transport 


“J. Walther: Das Gesetz der Wiistenbildung, p. 33. 
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the rock flour down the slopes, but it is to be remembered that when the 
mud has dried out, wind is free to undo much of the work accomplished 
by water. Our observations did not suggest the presence of a large 
amount of detritus in process of slow transportation by wash. 

The character and size of the residual blocks, the vertical distance 
through which the Dakota fragments have descended—about 1,000 feet— 
the scattering of debris so evenly alike over valley floor and intervening 
ridges, seem to me to harmonize with the view that wind has been the 
dominant agency in the removal of the sediments below the Dakota level, 
and may be throughout the work in the same degree that its power is 
evidently far more efficacious than that of water at the present time. 

That water has played an important part in the topographic history in 
’ producing an initial drainage system of canyons penetrating below the 
Dakota level is perhaps suggested by the sharp canyons at the head of 
Dry valley, “Cafion Pintado” of Newberry, Cold Spring canyon, and two 
others, unnamed, which are shown on the Hayden map. Whether or not 
one postulates a system of such canyons originating under more humid 
climatic conditions than those of today, wind action alone would seem 
competent to remove the rock waste of the ridges between gorges and at 
the same time leave behind the blocks which have been described. 

I was not familiar with the details of Walther’s!® elaborate discussions 
of denudation in desert areas when the visit to Dry valley was made. 
The facts observed forced me to the independent conclusion above pre- 
sented; but the student of Walther’s treatise will see much in what has 
been narrated confirming the views of the German geologist as to the 
great part played by the wind in the erosion of desert provinces. Especial 
interest attaches to such confirmation in this case, since Walther has ex- 
pressed the belief that deflation has been a very important process in the 
sculpturing of many vast amphitheaters of the Grand canyon above the 
Hsplanade.* His view was based upon general considerations and per- 
sonal impressions and lacks the support of detailed facts of observation. 


APPLICATION TO PLATEAU PROVINCE 


The observations here recorded were made during a hurried journey, 
when attention was particularly directed to problems quite different from 
those of denudation. Important evidence bearing on the subject of this 
paper may have been overlooked, and hence too broad generalization must 
be avoided ; but it is well known that the Vermilion Cliff and White Cliff 


1423. Walther: Das Gesetz der Wiistenbildung. 
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sandstones, with soft strata above and below them, are among the most 
widely distributed formations on either side of the Colorado river. The 
climatic conditions of the high plains near Grand river are common to 
much of the Plateau country; hence it seems evident that if deflation has 
been effective in the area between the Abajo and La Sal mountains it 
must be assumed to have done important work in many other districts. 

The stupendous erosion of the Plateau country represented by the Colo- 
rado canyon and its tributaries has been the subject of much discussion. 
It has seemed to some physiographers that such a gigantic task could not 
have been accomplished under existing climatic conditions, always assum- 
ing water to have been the only transporting agency. With this idea, 
recourse has been had, notably by Dutton,** to the hypothesis that a more 
humid climate prevailed during the principal epoch of canyon erosion. 
In a recent discussion of this question by Davis*® it is held that even 
under existing conditions the topography of the Grand Canyon district is 
adequately explained as due to water transport of land waste. In no 
discussion of this question is the process of deflation treated as of impor- 
tance. Davis refers to a suggestion made to him “by a correspondent 
well versed in the topography of arid regions” (Walther ?), that wind 
action has been an important agency in producing the huge amphitheaters 
of the Colorado canyon, but is unable to accept the suggestion in the 
case of those forms “inasmuch as their slopes are always developed in 
accordance with lines of gravitative action, and not in sympathy with the 
flowing lines characteristic of the bottom of an air current.” He admits 
that “the wind is a powerful agent in regions where vegetation is as 
scanty as it is on the barren walls of the Colorado canyon.”*® Davis does 
not discuss the effect of deflation in the localities where the wind is ad- 
mitted to have been “a powerful agent.” 

In all probability the relative importance of wind and water trans- 
portation in the Plateau country has not been discussed because satisfac- 
tory criteria for distinguishing them and for measuring the wind work 
have not been recognized. It is hoped that the foregoing brief statement 
of observed facts, together with the interpretation which has been’ ad- 
vanced as seemingly most reasonable, may serve to draw the attention of 
special students to an important and hitherto almost wholly neglected 
line of investigation in the wonderful province of Plateau and Canyon 
adjacent to the Colorado river. 


“C. E. Dutton: Tertiary history of the Grand Canyon district. Monograph il, U. S. 
Geological Survey, 1880. 

Be W. M. Davis: An excursion to the Grand canyon of the Colorado. Bull. Mus. 
Comp. Zool., vol. xxxviii, 1901, pp. 187-192. 
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the rock flour down the slopes, but it is to be remembered that when the 
mud has dried out, wind is free to undo much of the work accomplished 
by water. Our observations did not suggest the presence of a large 
amount of detritus in process of slow transportation by wash. 

The character and size of the residual blocks, the vertical distance 
through which the Dakota fragments have descended—about 1,000 feet— 
the scattering of debris so evenly alike over valley floor and intervening 
ridges, seem to me to harmonize with the view that wind has been the 
dominant agency in the removal of the sediments below the Dakota level, 
and may be throughout the work in the same degree that its power is 
evidently far more efficacious than that of water at the present time. 

That water has played an important part in the topographic history in 
producing an initial drainage system of canyons penetrating below the 
Dakota level is perhaps suggested by the sharp canyons at the head of 
Dry valley, “Cation Pintado” of Newberry, Cold Spring canyon, and two 
others, unnamed, which are shown on the Hayden map. Whether or not 
one postulates a system of such canyons originating under more humid 
climatic conditions than those of today, wind action alone would seem 
competent to remove the rock waste of the ridges between gorges and at 
the same time leave behind the blocks which have been described. 

I was not familiar with the details of Walther’s’® elaborate discussions 
of denudation in desert areas when the visit to Dry valley was made. 
The facts observed forced me to the independent conclusion above pre- 
sented ; but the student of Walther’s treatise will see much in what has 
been narrated confirming the views of the German geologist as to the 
great part played by the wind in the erosion of desert provinces. Especial 
interest attaches to such confirmation in this case, since Walther has ex- 
pressed the belief that deflation has been a very important process in the 
sculpturing of many vast amphitheaters of the Grand canyon above the 
Esplanade.'* His view was based upon general considerations and per- 
sonal impressions and lacks the support of detailed facts of observation. 


APPLICATION TO PLATEAU PROVINCE 


The observations here recorded were made during a hurried journey, 
when attention was particularly directed to problems quite different from 
those of denudation. Important evidence bearing on the subject of this 
paper may have been overlooked, and hence too broad generalization must 
be avoided ; but it is well known that the Vermilion Cliff and White Cliff 
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sandstones, with soft strata above and below them, are among the most 
widely distributed formations on either side of the Colorado river. The 
climatic conditions of the high plains near Grand river are common to 
much of the Plateau country; hence it seems evident that if deflation has 
been effective in the area between the Abajo and La Sal mountains it 
must be assumed to have done important work in many other districts. 

The stupendous erosion of the Plateau country represented by the Colo- 
rado canyon and its tributaries has been the subject of much discussion. 
It has seemed to some physiographers that such a gigantic task could not 
have been accomplished under existing climatic conditions, always assum- 
ing water to have been the only transporting agency. With this idea, 
recourse has been had, notably by Dutton,1* to the hypothesis that a more 
humid climate prevailed during the principal epoch of canyon erosion. 
In a recent discussion of this question by Davis’® it is held that even 
under existing conditions the topography of the Grand Canyon district is 
adequately explained as due to water transport of land waste. In no 
discussion of this question is the process of deflation treated as of impor- 
tance. Davis refers to a suggestion made to him “by a correspondent 
well versed in the topography of arid regions” (Walther ?), that wind 
action has been an important agency in producing the huge amphitheaters 
of the Colorado canyon, but is unable to accept the suggestion in the 
case of those forms “inasmuch as their slopes are always developed in 
accordance with lines of gravitative action, and not in sympathy with the 
flowing lines characteristic of the bottom of an air current.” He admits 
that “the wind is a powerful agent in regions where vegetation is as 
scanty as it is on the barren walls of the Colorado canyon.”** Davis does 
not discuss the effect of deflation in the localities where the wind is ad- 
mitted to have been “a powerful agent.” 

In all probability the relative importance of wind and water trans- 
portation in the Plateau country has not been discussed because satisfac- 


tory criteria for distinguishing them and for measuring the wind work 


have not been recognized., It is hoped that the foregoing brief statement 
of observed facts, together with the interpretation which has been ad- 
vanced as seemingly most reasonable, may serve to draw the attention of 
special students to an important and hitherto almost wholly neglected 
line of investigation in the wonderful province of Plateau and Canyon 
adjacent to the Colorado river. 


“C. E. Dutton: Tertiary history of the Grand Canyon district. Monograph ii, U. S. 
Geological Survey, 1880. 

ae W. M. Dayis: An excursion to the Grand eanyon of the Colorado. Bull. Mus. 
Comp. Zool., vol. xxxviil, 1901, pp. 187-192. 


70 W M. Davis: An excursion to the Plateau province of Utah and Arizona. Ibid. 
vol. xlii, 1903, p. 34. 7 ; 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 19, PP. 63-92, PL. 5 MAy 11, 1908 


ROCK-FLOOR OF INTERMONT PLAINS OF THE ARID 
; REGION? 


BY CHARLES R. KEYES 


(Read before the Society December 30, 1907) 


CONTENTS 

Page 

NRO GIT GOT yam steer rcnclersrcerienevcuc eceiievsre ote: «1 «oS role aiSeannis. oe desis cvalla elevevarersuiececene 638 
POUMGENTOM, OF Wie: ehaell WENN GosooncdcesUeGoeU sold Ob UCU eeoO CoCo DUD 64 
YS Hira O TARO femie D OUSO Meare te pate tor ei1 25) «| irate e)ee al spo) /s. cite =\-aic le lasaley oid al'st silaifotarta, <i bioioe 64 
Jornada del Muerto as the type........... aaa tint te fo Mlvlaiter cad syafepelonereest te 65 
Substructure of the Hstancia plains.............cccceccccsrecsveane 67 
LAS WEBAS KOI INEWAGENS Bo Bie cio.c Ue CIaIe COO tne oho toa OL ee EROH eRe IOICEOOImCrS 68 
Inter-relationships of intermont plains of California................. 69 
Coursevoie the Coloradomniverians- ces -miciie sce os een wee cle elelelele cis eyers 70 
Surface of the Colorado plateau................. cece cess tere cnaes 72 
BOSONS E Of NOwEMermy NEN CO syarcvene ste cle ey elelelc) viele cicieieleiseiais cise = e)eel nisie)e 72 
IDEN: Oye aver LOGON VEIN. pooccusdadnooODOU Dob oo doooadUUlOUCUD OD 73 
Significance of a thinly mantied rock-floor.............0..0scccreteeeres 74 
OGiiMMOf they rOck=lOOnuSUMLAGe ant. caielete ss sisise el cle ore mueisia ls sutiers cs gd els gohan 74. 
en ep lamas Onemepney usr pete ete le oversules ct sae ts: c) eve ieee avere esd olesvusyeleievssdtere’ Seats Lianet 74. 
Elanation independemt iofs Sealevelincs 6 ccc ccleecleme oc nciee cece eee cole 76 
SIESEMOOOMETOSTOMMeryaer tec ci sie ect ci coe cosiane oa te alcrevencti cveureerahe Cisco ste welds 78 
HFOMAMME LO Si ONIN eT Cleat COM OTS erat t st ete teyiejscl cliateieroeteceelinieters level et eel alievettenel evercvens 81 
een CLOW OS UES merrier rented terete isiaceccceyiel ues cle lena celsrovaiin rahericce oo. Oveverarsusrotarlessnalc te 83 
FATE CO LAM SHO tet OLN ET EL TOM Stycyerclereye. i e)'e ss euevepel’c sve) aavarevelaie sale elele bleep eveces 85 
EVAN OTEASTO TIM ap neetetete etre sedans terete Haven sion coe eieyelenendicsslies hers a'e. ie Ain. cuclels Qyeuelele-seteneve 86 
GaqurnyoMle Cyales iyein: AiG! GhinnehKs gaoos pogo DOOD OOOH OD Abe oo be coop ae 86 
ECC CAO ULUU LEN Gl OLRM pee aN Cre en eye etcs eiiscr ats, ciselcalny cuitvemeiscye abel huaisjouececete.tie eae ‘ope eal bane 91 

INTRODUCTORY 


The geologic structure of the arid region comprising the Great basin of 
western America and the northern part of the Mexican tableland is sup- 
posed to be characteristic of that anomalous class of geotectonics known as 
the Basin Range, or Block Mountain, type. Its distinctive feature is 
commonly considered as the product of normal faulting on a prodigious 
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scale. Lately, the long accepted opinions regarding the Basin Range 
structure have been brought seriously into question. As a result a new 
interest in the subject has been kindled. 

That the tectonics of the regions mentioned have never received the 
careful consideration that the natural advantages for study would seem to 
demand is due partly to a singular notion which has prevailed from the 
first, that these regions present structures of great simplicity and hence 
require little detailed examination. 

Physiographically the dominant feature of the Great basin and the 
Mexican tableland is the plain. The most conspicuous features are the 
mountains. These, like isolated, lofty piles, rise abruptly above the even, 
sea-like plains as do volcanic isles out of the ocean. Areally the highlands 
occupy much the less space. One-fifth of the surface of the region is 
mountain ; the plains cover four-fifths. ; 

To the casual observer the smooth surface of the plains appears to have 
few exposures of bedrock and to be everywhere deeply mantled by loose, 
and for the most part rather coarse, rock-waste. The mountains, on the 
other hand, are bare and free of vegetation, permitting their structure to 
be displayed as nowhere else in the world outside of arid countries. The 
geologic structure of these regions has been in the past largely inferred 
from the parts protruding above the level of the plains, while those por- 
tions beneath that level have been generally regarded as inaccessible and 
have been almost altogether neglected. 

The general tectonics of the two regions under consideration and the 
Basin Range structures need not be taken into account now, for the reason 
that they will receive special attention in another place. In the present 
connection only the characters of the substructure of the plains is to be 
considered. 


FOUNDATION OF THE ARID PLAINS 


DEFINITION OF “BOLSON” 


Although views regarding the geologic structure of the Great Basin 
region and of the Mexican tableland have differed more or less in details, 
there has been a consensus of opinion that the mountains are being worn 
down to build up the intervening plains, and that finally the former will 
be all carried down into the latter. A common opinion is the one ad- 
vanced by Le Conte, which regards the mountains as the elevated margins 
of huge tilted blocks and the plains the depressed and buried portions of 
the same blocks.? Starting with this conception, it is an easy step to the 


* American Journal of Science (3), vol. xxxviii, 1889, p, 259; also Elements Geology, 
5th edition, 1904, p. 242, 
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conclusion that the plains are all deeply covered by mountain waste, even 
to depths of thousands of feet. At first glance on the ground such an 
explanation of the phenomenon presented seems to leave httle room for 
refutation. 

So firmly has this notion prevailed that Hill, in 1900, in describing the 
physiographical features of the Greater Texas region (including New 
Mexico and Colorado east of the Rio Grande), gave it technical fixity by 
calling the intermont plains in the New Mexican part of the district 
“bolsons,”’ deriving the name from the Spanish title for these plains, 
which signifies a purse, or basin without outlet. Hill’s definition is essen- 
tially as follows: 


“These plains, or basins, as they are sometimes called, are largely structural 
in origin. Bolsons are generally floored with loose, unconsolidated sediments 
derived from the higher peripheral region. Along the margins of these plains 
are talus hills and fans of boulders and other wash deposits brought down by 
the mountain freshets. The sediments of some of the bolsons may be of lacus- 
trine origin. . . . It is essential; in both the geographic and the geologic 
discussion, to bear in mind the distinction between bolson plains and plateau 
plains. The plateau plains and the mountains are genetically related, the 
strata composing the one being bent onto or flexed out of the other. The bol- 
son plains, on the other hand, are newer and later topographic features, con- 
sisting of structural valleys between mountains or plateau plains, which have 
been partially filled with debris derived from the adjacent eminences. The 
plateau plains are usually destructional stratum plains. The bolson plains 
are constructional detritus plains filling old structural troughs.” 


The types which Hill selected to illustrate his definition and which he 
specifically described were the Hueco, Sandoval (Hstancia plains), and 
the Jornada del Muerto basins, all of which are in eastern New Mexico. 
Some minor basins farther to the southward were also briefly mentioned. 


JORNADA DEL MUHRTO AS THE TYPE 


About the time of the appearance of the Hill memoir I was engaged in 
making geologic inquiries into the underground water supplies of the 
region occupied by the three great bolsons mentioned. These investiga- 
tions were undertaken for three different railways, and were soon after- 
ward supplemented by similar inquiries for several mining companies. 
This work was not hurried geological reconnaissance, but careful investi- 
gation extending over a period of several years with residence in the 
region. Its results were measurable quantities, demanding expression in 
feet and dollars. Some of the more important of these results have been 
already published in a memoir on the “Underground water conditions of 
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the Jornada del Muerto, New Mexico,”* “Geotectonics of the Estancia 
plains,”* and other shorter papers, to which reference may be made for 
many details bearing upon the subjects here discussed. 

As early as 1903 I endeavored to show,? in a brief article on the “Geo- 
logical structure of New Mexican bolson plains,” that (1), so far at least 
as the Jornada del Muerto and Estancia plains were concerned, Hill’s in- 
terpretations were wholly incorrect; (2) instead of being structural val- 
leys deeply covered by mountain waste, the rock surface of the two basins 
referred to was worn out on the beveled edges of Cretacic and Carbonic 
strata, representing a total thickness of more than 10,000 feet; and (3), 
for the most part, the rock-floor of these plains was covered by only a 
thin veneer instead of by great thicknesses of loose materials. 

A geological cross-section of the Jornada del Muerto presents some- 
thing of the structure represented below (figure 1), the length of the sec- 
tion being about 30 miles. ‘To all appearances the plain is a simple, very 
shallow syncline,the ends of which are clearly visible in the lofty Sierra de 
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FicGuRE 1.—Beveled Rock-floor of the Jornada del Muerto, New Mevrico 


los Caballos and the Sierra San Andreas at a distance of a score of miles 
from the railway which traverses the middle of the plain. From the train 
the surface of the plain, as far as eye can reach, appears floored by gravels 
and coarse mountain waste; in reality it is covered by soft, porous loam 
and sands, and so even is the surface that the railway grade in a distance 
of 60 miles scarcely cuts or fills the inequalities. 

Closer examination of the ground and a comparison of the drill-well 
records, shallow dug-well records, and the few outcrops clearly show that 
the beds do not lie in a simple syncline of which the mountains are the 
upper protruding limbs. The strata are disposed at much higher angles 
than the general dips of the simple synclinal trough would require. More- 
over, near the mountains, especially on the west side of the plain, is a belt 
3 to 4 miles wide where the surface, so level when viewed from a distance, 
is found to be trenched by intricately ramifying canyons, often several 
hundreds of feet deep. The geologic formations are here everywhere well 
exposed. While the general slope of the plain toward its center is only 
from 2 to 3 degrees, the dips of the strata are frequently as high as 30 


°U. S. Geological Survey, Water Supply and Irrigation Paper, no. 123, 1905, 42 pages. 
‘ Journal of Geology, vol. xvi, 1908. 
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degrees in the same directions and in places they are even vertical. On 
the beveled edges of the steeply inclined beds the plains-gravels and clays 
are laid down, and also broad sheets of basaltic lavas, the latter spreading 
out from numerous small cones. 

What is most surprising is the fact that the detrital materials covering 
the plains have such small depth. Over at least two-thirds of the Jornada 
the rock-floor is frequently exposed, protruding through only a few feet 
of soil. ‘There do not appear to be the least grounds for assuming that 
this plain is deeply filled with debris on account of the Rio Grande having 
formerly occupied the middle of the basin, as has been recently stated by 
Lee.* None of the well records examined gave any indication of a broad 
detritus-filled valley; but they do show that the Carbonic limestones and 
Cretacic sandstones occur only short distances beneath the surface, at least 
from the west side nearly to the base of the San Andreas range on the 
east. At the south end of the Jornada there are Tertiary deposits having 
a thickness of several hundreds of feet. These also appear to be slightly 
beveled. As these deposits consist of soft, though well stratified, mate- 
rials, it is manifest that in the various well borings they have not been 
differentiated from the later surface debris washed down from the 
peripheral highlands. 

Similar Tertiary deposits of great thickness are known to exist below 
Albuquerque, above Albuquerque, and at other points on the upper Rio 
Grande. It is more than likely that in all of these localities there has 
been a failure to discriminate between the older and younger of the soft 
deposits, thereby ascribing an unusual thickness to the latter. In the ° 
light of recent investigation it is probable that all of the reported data 
tending to prove the great thickness of the surface deposits of the bolson 
plains of this regions will have to be examined anew. 

The original types of the bolson plain, as that term has been given 
technical geographic significance, are thus clearly destructional plains 
with very thin covering, instead of constructional plains with very thick 
detrital deposits. If the name is to be retained in geographic literature 
with a distinct or special significance, it should be only in the widely 
accepted sense to which the Spanish people have been accustomed. The 
American adaptation is not only ill chosen, but defined under misappre- 
hension. ‘The latter usage of the name should be abandoned. 


SUBSTRUCTURE OF THE ESTANCIA PLAINS 


The Estancia valley is similar to the Jornada del Muerto, adjoins it 
on the north, and extends 100 miles in that direction to the city of Santa 


°U. S. Geological Survey, Water Supply and Irrigation Paper, no. 188, 1907, p. 21. 
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Fe. Deep stream-erosion across the valley and many wells indicate 
clearly the character and thin cover of the rock-floor. 

Although the surface of these plains is very smooth and is apparently 
everywhere covered by mountain wash, the thickness of the soft mantle 
is rarely over 100 feet. ‘The indurated rocks which form the foundation 
of the plains are often inclined at high angles and are evenly beveled. A 
typical cross-section is shown near the Hagan coal camp (Una de Gato), 


, Ficure 2.—Beveled Plains—Surface of Cretacic Sandstones 


on the east side of the Sandia range, and is represented below (figure 2). 
The height represented by the section is about 600 feet. The outcrops 
of the section extend almost continuously for a distance of 20 miles along 
the Arroyo San Pedro. A similar section of upturned and beveled Ore- 
tacic strata is exposed near the town of Los Cerrillos. In the vicinity 
the same phenomenon is repeated hundreds of times. 


LAS VEGAS OF NEVADA 


“The Meadows” of southern Nevada constitute a vast even plain bor- 
dered by lofty mountains. Eastward from the town of Las Vegas ex- 
tends a long arm of these plains, which, as it passes between two ranges 
and joins Meadow valley to the east, is 6 to 8 miles wide. In this arm 
of the plain the geologic structure is well displayed (figure 3). 
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FIGURE 3.—Geologic Cross-section of the Vegas Range, Nevada 


The attitude of the rocks and the relations of the beveled rock-floor to 
the overlying wash deposits are more clearly shown than immediately to 
the east or to the west. Still farther to the eastward, in Meadow valley, 
where there is a perennial stream occupying its middle, a narrow and 
deep canyon has been cut in the old bolson. Tertiary deposits are in- 
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volved, and both these and Paleozoic rocks are standing at high angles, 
with the tops everywhere evenly beveled. 


INTDR-RELATIONSHIPS OF INTHRMONT PLAINS OF CALIFORNIA 


Mountain-locked desert plains of southeastern California frequently 
have their rock-floors covered by only a few feet of soil and debris. 
Along the Mohave river, northeast of Barstow and elsewhere, artificial 
excavations have disclosed soft Tertiary strata standing in edge and com- 
pletely planed off. At the American borax mines, north of Daggett, the 
following section is shown (figure 4) : 


Ficurn 4.—Vertical Tertiary Beds, near Daggett, California 


The plain in which the mines are located is very even and without con- 
spicuous outcrops of bedrock. At the mine shafts the truncated edges of 
the beds over a considerable area protrude through the thin surface 
mantle. Similar conditions obtain 10 miles to the northeastward, near 
the mines belonging to the Pacific Coast Borax Company. 

In other plains of the vicinity the rock-floor appears to be made up of 
thick andesitic and other lava flows which have been tilted and beveled. 

There is a hypsometric relationship among some of the intermont 
plains of California that is not so apparent anywhere else in western 
America; yet similar relations are known to exist in many parts of west- 
ern and southern Arizona and in New Mexico. The great difference in 
elevation at which adjoining plains stand above sealevel is very sug- 
gestive. An east and west profile (figure 5) of the country between the 
Sierra Nevada and the California-Nevada state line is transverse to the 
axes of both the valleys and the mountain ranges. Its character suggests 
frequent and profound faulting; but faulting alone does not appear to 
offer the full explanation of the unequal altitudes of a given series of 
desert plains. The question is raised whether there does not exist a more 
or less perfect independence of neighboring plains in their development, 
planation, and surface modification under desert influences. The proba- 
bility of every intermont plain in the arid region attaining a level that is 
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its own and that has no genetic relation with any other plain is a deduc- 
tion that is in strict accord with the known effects of certain plain- 
forming desert agencies. If we can ascribe to the wind the chief erosive 
influence or gradation process, there is no baselevel to attain, as in the 
case of normal erosion by water. At the same time there can be the 
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Ficurr 5.—Profile of Death Valley Region, California 


numerous local levelings in a much broken region like the Great basin, or 
a general leveling of a vast undisturbed area, as in the case of the interior 
tableland of South Africa. This, however, is a theme for special discus- 
sion and more extended consideration than can be given it here. 


COURSE OF THE COLORADO RIVER 


After leaving its Grand canyon, the Colorado river still flows nearly to 
its mouth in a deep valley which has been corraded through a line of 
mountain-locked basins. This part of the river’s course has been fre- 
quently pointed to as an illustration of a region throughout which great 
thicknesses of recent sediments have been deposited over the intermont 
plains.” 

Deep-well records are given as the chief evidence supporting the opin- 
ion that the valleys are floored with recent debris to great depths. ‘The 
uncertainty of these records has been already pointed out. Lee states in 
no uncertain terms that— 

“Over a large part of the Southwest, extending from New Mexico to the 
Pacific ocean, detrital material fills the low places generally and transforms 
into broad detrital plains districts which might otherwise have very uneven 
surfaces. In Arizona, where the writer has observed the deposits most widely, 


the detritus occupies the lowlands to the south and west of the Colorado 
plateau.” 


It may be that the long basin extending southward from the mouth of 
the Virgin river, and which the author just quoted calls the Detrital- 


* Bulletin of the Geological Society of America, vol. 17, 1906, p. 275. 
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Sacramento valley, is deeply underlain with recent gravels. My own 
observations in the same valley north of the Colorado river immediately 
lead me to raise the question as to how much of the soft deposits occupy- 
ing the valley are those of Tertiary lake beds and how much those of later 
wash materials. The solution of this problem might very greatly modify 
the various views expressed. It is known that a few miles north of the 
Colorado river, on the west side of the south-flowing Virgin, in the can- 
yons of Muddy river and the Meadow wash, very thick Tertiary beds are 
exposed. Were one to drill a well on the top of the mesa or smooth, even 
surface of the intermont plain, he might penetrate soft deposits consider- 
ably more than a thousand feet, and yet less than a hundred feet would 
be recent wash gravels. 

The Lower Colorado River region has been regarded as lately covered 
by the sea. According to this notion, all of the plains must have been 
formed by depositions in a quiet sea that was thickly studded with 
islands—the present isolated mountains. Such an hypothesis must have 
very much stronger evidences to support it than it now has before it can 
be even considered as a possible explanation of the phenomena presented. 

The Colorado river is not a typical watercourse of the arid region. 
Being a large, perennial, through-flowing stream, its work and evolution 
are those of a river of the humid regions. It rises in the highest 
“Rockies” and reaches the sea. Of the same class of great streams are 
the Rio Grande, the Rio Pecos, and the Canadian river of New Mexico. 
Typical geographic development in an arid climate goes on without the 
drainage regularly reaching the sea. A very clear distinction must there- 
fore be made between the materials composing the waste mantle in and 
near the valleys of these streams and those commonly met with in the in- 
termont or bolson plain. 

Lee® notes that the Colorado river “in selecting its course seems to 
have shown little consideration for the easiest lines of erosion. It has 
disregarded mountain and valley alike. From casual observation it 
would seem to have chosen about the roughest course possible.” If we 
consider this river as having cut its channel down from the surface of an 
old baseleveled plain, Lee’s inferences might be sustained. If, however, 
the stream has followed the lowest line of short intermont plains, an en- 
tirely different interpretation must be held. If the intermont plains are 
thinly floored with wash deposits and are mainly the product of general 
leveling without baseleveling, the explanation of the great channelway 
through short rock-bound canyons connecting one open plain with an- 
other is not difficult. The case is identical with those of the valleys of 


§ Loc. cit., p. 277. 
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the other great through-flowing streams of the region. The course of the 
Colorado river needs to be considered in the light of its development 
under conditions of an arid climate rather than that of a normal humid 
one. 


SURFACE OF THE COLORADO PLATEAU 


For the most part the surface of the great Colorado plateau in north- 
ern Arizona is a stratum plain composed of hard Carbonic limestones. 
Around the margins on all sides younger strata are found. It has been 
generally regarded that this surface is essentially a plain of denudation 
that was formed at baselevel. Whatever may have been the original 
character of this surface, it appears now that it has been profoundly 
wind-swept. It may be that it was almost entirely leveled by eolian 
action. 

The thick resistant limestones of Carbonic age that usually constitute 
the surface of the great dome are not broken by faults, as in the regions 
surrounding. The limestone is the same which forms the foundation of 
many of the tilted mountain blocks beyond the confines of the plateau. 
The latter is thus not subject to the influences of differential erosion, 
whether of wind or water. 

The rock-floor of this great plateau is in many areas scarcely covered 
by sufficient soil to support a scant vegetation. The Santa Fe railway 
west of Gallup traverses many miles of level country, into which soft 
materials had to be brought for long distances to construct a grade that 
would obviate rockwork. The canyon Diablo is excavated out of a rock 
stratum plain as if graven with a gigantic chisel. 

The rock-floor of the plain of the Colorado plateau is often bared for 
scores of miles. The consideration of its origin from the viewpoint of 
leveling without baseleveling is fraught with unusual interest. 


BOLSONS OF NORTHERN MEXICO 


Many of the intermont plains of the northern part of the central table- 
land of Mexico have very shallow soil coverings. In all observed cases 
the rock-floors are an even plain beveling much disturbed strata. Many 
of the bolsons through which the Mexican Central railway passes display 
at many points the rock-floor under only a few inches or a few feet of 
loam and debris. 

On the west side of the Sierra Madre, McGee® has called attention to 
certain peculiarities of the rock-floor of the vast plain of Sonora. He 
says: 


® Bulletin of the Geological Society of America, vol. 8, 1897, p. 90. 
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“At first sight the Sonoran district appears to be one of half-buried moun- 
tains, with broad alluvial plains rising far up their flanks, and so strong is 
this impression on one fresh from humid lands that he finds it difficult to trust 
his senses when he perceives that much of the valley-plain area is not allu- 
vium, but planed rock similar to or identical with that constituting the moun- 
tains. To the student of geomorphy this is the striking characteristic of the 
Sonoran region—the mountains rise from the plains, but both mountain and 
plain (in large part) are out of the same rocks. The valley interiors and the 
lowlands are, indeed, built of the torrent-laid debris, yet most of the valley 
area carries but a veneer of alluvium so thin that it may be shifted by a single 
great storm. Classed by surface, one-fifth of the area of the Sonoran district, 
outside of the Sierra and its foothills, is mountain, four-fifths plain; but of 
the plain something like one-half, or two-fifths of the entire area, is planed 
rock, leaving only a like fraction of thick alluvium. This relation seems 
hardly credible. During the first expedition it was noted with surprise that 
the horseshoes beat on the planed granite and schist or other hard rocks in 
traversing the plains 3 or 5 miles from the mountains rising sharply from the 
same plains without intervening foothills; it was only after observing this 
phenomenon on both sides of different ranges and all around several buttes 
that the relation was generalized, and then the generalization seemed so far 
inconsistent with facts in other districts that it was stated only with caution 
even in conversation.” 


The author just quoted ascribes to sheetflood erosion the origin of the 
rock-floors of the Sonoran plains. The activity of wind as an accom- 
panying planation agent is not suggested. The main facts, however, are 
the singular character, the shallowness, and the great extent of the rock- 
floors of the northern Mexican intermont plains. 


DEBRIS OF THE BOLSON PLAINS 


The soft mantle covering the intermont plains of the arid region is 
usually described as made up of gravels. The plains deposits are, how- 
ever, in large part fine clays or loams. There are some sands; but on 
the whole there is comparatively little real gravel and coarse rock ma- 
terial. The latter appears mainly in the paths of the torrential drainage- 
ways debouching from the mountains and on the piedmont slopes, but 
seldom extends very far out into the plains area proper. 

There are two or three aspects of the plains debris that perhaps tend to 
give a false impression regarding its composition. The arroyos leading 
from the mountains have high gradients; their waters, whenever there 
are any, are invariably torrential in character; the fans produced at the 
mouths of the canyons are mainly made up of coarse waste. To the 
traveler who is accustomed only to the geologic phenomena of the humid 
climate the natural inference is that the coarse materials from the high 
peripheral belt are carried down to level up the low plain. 
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The other misleading point is that pebbles do actually appear to occur 
everywhere over the plains. This aspect is almost always very deceptive. 
Gravel and small boulders are to be found scattered over the higher slopes 
of nearly all of the intermont valley plains. That they give to the loams- 
the appearance of gravel beds is due to the fact that the winds constantly 
blow away the fine materials. The pebbles left behind serve as a protec- 
tion to further wind action until a floodsheet or torrent disturbs the 
coarse surface layer of small stones. It is not uncommon to find areas 
several acres in extent covered with small angular stones as closely and as 
evenly set as mosaics. The pebbles may be only one deep; below is fine 
porous loam, into which man and beast in crossing sinks as into newly 
fallen snow. ‘Turned up by the plow, the most barren tract of this kind 
may prove to be the finest of loamy soil. 

The almost gravelless plains detritus and the thin mantle over a 
beveled rock-floor observed in the arid regions make one’s notions derived 
from experiences in humid lands undergo radical modification. 


SIGNIFICANCE OF A THINLY MANTLED ROCK-FLOOR 


With the bedrock of the broad intermont plains possessed of the same 
geologic structures as the mountains, only thinly covered instead of 
deeply buried by detritus, and formed on a surface evenly planed off, the 
main interest centers around the agencies and conditions under which the 
planation was accomplished. 

In the American region, with its fine patterned relief and the general 
plains surface greatly disturbed by recent faulting on a large scale, the 
even rock-floor worn out on the beveled edges of the rock strata long 
escaped merited attention. In southern Africa, where there is the same 
elevated plateau and the same dry climate, but where the region has not 
undergone notable deformation and dislocation for a long time, Passarge’® 
has made the deduction that general planation may go on over a vast area 
without peneplanation; and that the leveling may be more perfect than 
is possible in the case of normal baseleveling. In the light of this sug- 
gestion, the existence under thin detrital covering of even rock-floors in 
the plains of the much disturbed region of the Great basin and the Mexi- 
can tableland acquires a new meaning. 


ORIGIN OF THE ROCK-FLOOR SURFACE 
PENEPLANATION 
At the time at which the beveled character of the rock-floors of some 


of the New Mexican bolsons was first recognized, in 1902, these even 
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surfaces were ascribed to peneplanation effects modified greatly on 
account of the great distance from the sea, the arid climate, and recent 
orogenic uprisings. The possible conditions were briefly outlined.** 
Among other statements, it was mentioned that the peculiar alternation 
of narrow mountain ranges and broad plains presents many features 
which are not easily understood until the country both to the eastward 
and to the westward is taken into account. Jn both directions from the 
central highland, or plateau, the basin character of the plains is soon lost. 
The different intermont plains become confluent and more continuous, 
and the mountain ranges become more distant from one another until 
finally they are widely isolated. Still beyond, the plain alone persists 
without noteworthy mountains. ‘This condition continues on the one 
hand to the gulf of California and on the other to the gulf of Mexico. 

A large portion of the plains part of the region is worn on the beveled 
edges of Cretacic and older strata. The Las Vegas plateau, the Llano 
Hstacado, the bolsons of central New Mexico, and perhaps some of the 
broken plains of eastern Arizona seem to belong genetically together. 
Tight’s’* arguments to the contrary are clearly untenable, since in no 
uncertain terms he accounts for the physical features of the region on the 
basis of a humid climate. 

That the general and dominant surface of eastern New Mexico may 
have been, in the main, originally essentially a peneplain appears to be 
indicated by old planation surfaces which are known to exist in the 
northeastern part of the territory. One of these old planation levels, the 
great Mesa de Maya, now only a relatively narrow belt, truncates the 
Raton range for a distance of over 100 miles. It lies 3,500 feet above 
the present plains surface. The range itself is all that is left of the 
immediate substructure of a once vast plain. 

Three thousand feet below the level of the Mesa de Maya is a second 
great plain, the Ocate mesa, which covers thousands of square miles. 
Far beyond the borders of what now remains of this central body of the 
mesa are many large and small outliers of the same plain. Still lower, 
about 500 feet, is the general plains surface of the region, the Las Vegas 
plateau, which is on a level with, and at no distant date was probably 
continuous with, the Llano Hstacado, the Estancia, the Jornada, and 
other large plains. Below the last-mentioned level the Canadian river, 
the Rio Pecos, and the Rio Grande have cut narrow valleys 1,500 to 2,000 
feet and more. 


11 American Geologist, vol. xxxiv, 1904, p. 161. 
12 American Geologist, vol. xxxvi, 1905, pp. 271-284. 
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Under normal conditions of a humid climate the three general plains 
mentioned naturally would be regarded as representing as many different 
peneplanation levels, as indeed Hill has already urged; but their pres- 
ence on the border line of the typically arid country suggests that all of 
these plains, with the possible exception of the Mesa de Maya, should be 
ascribed to desert-leveling instead of normal peneplanation. It is not 
unlikely that the Mesa de Maya is also a plain produced by desert- 
leveling ; but assuming that it is not, and a true peneplain instead, gen- 
eral desert-leveling alone must be regarded as having removed from the 
plains a thickness of not less than 3,000 to 5,000 feet of rock materials. 
It is also very suggestive that this is also approximately the present 
heights of the desert ranges above the plains surface. This phase of the 
subject is capable of much further elaboration. 

Eastern New Mexico is on the border of the humid and arid regions. 
Whatever may have been the later activities of the geologic processes 
under conditions of aridity, there seems to be good reason for believing 
that there was in this part of the Southwest something of the nature of 
a peneplain to start with, though its continuity may have been very much 
broken on account of profound faulting and orogenic deformation. As 
they now stand, it would hardly be proper to call either the general sur- 
face of the tableland or that of any of the intermont basins peneplains, 
in the strict meaning of that term. 


PLANATION INDEPENDENT OF SEALEVEL 


The fact that some of the bolsons of New Mexico were destructional 
plains instead of constructional plains, as had been generally regarded, 
was first personally impressed as early as 1902, after considerable de- 
tailed investigation in regard to the underground water supplies of the 
Estancia, Jornada, San Augustine, and other great plains of the region. 
A year later the first evidences bearing on this subject were published.?* 
The article in which these facts were presented was of the nature of an 
advance paper taken from two more comprehensive reports on the “Geol- 
ogy and underground water supplies of the Estancia plains,” and on the 
same general topic as relating to the Jornada del Muerto. The first of 
these memoirs discussed in considerable detail the action of the wind as a 
leveling agent over broad areas and even as the chief agent in the excava- 
tion of large hollows and minor lake basins in the arid region. 

During the following year opportunity presented itself to extend the 
observations over the greater parts of Arizona, Texas, Oklahoma, and old 


48 American Journal of Science (4), vol. xv, 1903, pp. 207-210. 
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1905. 


PLANATION INDEPENDENT OF SEA LEVEL Uh 


Mexico. It was an easy matter to fancy that under the abnormal condi- 
tions of an arid climate and through means of eolian and sheetflood ero- 
sion local planation of the intermont areas might not only take place, but 
that the process might be general in character, notwithstanding the fact 
that the general plain thus formed was high above baselevel. 

The idea became fixed by the proposal of a title meaning a surface of 
general planation of the earth, whether near baselevel in humid regions, 
far above baselevel in the dry lands, or below baselevel in the case of 
marine denudation. A new and distinct name for the surface of general 
planation in arid regions alone seemed inadvisable, especially since in 
southwestern United States such a plain merged on the one hand into a 
true peneplain and on the other into raised marine plains. It was 
thought for a while that the meaning of peneplain could be extended so 
as to cover the new field, and in this sense that title was actually used a 
number of times before abandonment. On account of these and some 
other “heresies,” which have since been thoroughly substantiated, the 
full report on the Estancia plains was greatly delayed in publication, and 
finally rejected by the United States Geological Survey. 

In the meanwhile appeared Passarge’s important memoirs on the 
“Rumpfilache und Inselberge’*® and “Die Inselgeberglandschaft im 
tropischen Afrika’”*® bearing on the same subject. Passarge, in the 
South African field, had greatly the advantage of the geologists who had 
visited the western American regions, in that he had to deal with a high 
desert region in the topographic stage of old age, and a region long undis- 
turbed by mountain-making forces, instead of a country traversed by 
several large streams flowing through to the ocean, disturbed very re- 
cently and very profoundly and intricately cut up into huge blocks which 
have the appearance of earliest youth. 

Passarge’s conception is briefly and essentially this: That in the geo- 
eraphic development of the South African region there is finally a stage 
reached in which an elevated plain, under an arid climate, is reduced to 
a lower and evener surface chiefly through the blowing away of the fine 
materials, though aided occasionally by sheetflood, leaving a beveled rock- 
floor only thinly covered by ordinary soft deposits and having no rela- 
tionship to the baselevel of erosion as commonly understood. To all 
intents, such a plain is a typical peneplain, wholly unrelated to the sea- 
level. Davis’* well says that we may regard this generalization as sec- 
ondary only to Powell’s generalization concerning the general baselevel of 
erosion. 


1 Zeitschrift der deutsche geologische Gesellschaft, lvi band, Protokol, 1904, pp. 193- 
209. 

16 Naturwiss. Wochenschr., new series, iii band, 1905, pp. 657-665. 

M@ Journal of Geology, vol. xiii, 1905, p. 373. 
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In commenting on arid old age, Davis makes the statement that 


“Tt is little wonder that an understanding of the possible development vf 
rock-floored deserts of this kind, independent of baselevel, was not reached 
inductively in western America; for there has been so much disturbance in 
way of fractures and uplift in that region during Mesozoic, Tertiary, and 
Quaternary times that the attainment of old age has not been permitted; but 
that the problem was not solved deductively by the present generation of 
American physiographers before it was encountered and solved by others in 
Africa serves to show how insufficient still is the use of the deductive method 
among us.”’ 


There are apparently two very good reasons why American geologists 
did not reach a solution of the problem before it had been arrived at else- 
where. Deductive reasoning in geology is not always a very safe method 
without more or less of an inductive foundation. The great Colorado 
plateau, containing more than 200,000 square miles of area and situated 
more than a mile above sealevel, is mainly an even plain with a rock- 
floor but thinly veneered by waste; yet these facts never excited the 
notion of planation without the aid of water erosion. Moreover, Powell’s 
grand deduction relating to this very same arid region was something 
very different from that proposed for the South African tableland. It 
gave us the conception of the baselevel of erosion which, as it now seems, 
was not entirely true of the arid region to which it was intended to apply, 
though it aptly fitted the humid lands of the earth far removed from the 
place of its birth. The philosopher Emerson somewhere says that when 
we go to Europe we see only what we take with us. With equal truth it 
may be stated that when we go on geological travels we are often too 
prone not to leave behind us some of our old notions. 

In the second place, scientists have only briefly visited the arid regions; 
of these, few have ever lived there for any length of time and have be- 
come intimately acquainted with the peculiarities of the various geologic 
processes working under new conditions. As a result, most of these 
visitors have interpreted their observations more in accordance with the 
better known conditions of a humid climate than of the less familiar 
conditions of a dry climate. 


SHEETFLOOD EROSION 


McGee’s graphic description'® of sheetflood erosion has never received 
the recognition that it justly merits from writers on the arid regions. 
The remarkable phenomenon of the sheetflood is seldom observed to ad- 
vantage except by dwellers within the dry belts of the earth. In these 


Bulletin of the Geological Society of America, vol. 8, 1897, pp. 87-112. 
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regions it is one of the most potent of degradational agencies, second only 
to erosion by the winds. ° 

In humid lands recently elevated, where most of us have been accus- 
tomed to picture the evolution of general land forms, the most striking 
effect is the development of perfect stream systems with their accompany- 
ing valleys. In the arid regions the main effect of running water ap- 
pears to be the very reverse. Instead of the attainment of ever more 
perfect drainage systems, the general tendency is toward complete obliter- 
ation of all evidences of distinct waterways. In place of sharply incised 
types of topography, there is the marked planation type of surface relief. 

This plain-forming erosion, if it may be so called, has been so gener- 
ally overlooked and of recent years the relief effects in the arid regions 
so generally explained on principles applicable only in a humid climate 
that it appears pertinent at this time again to direct special attention to 
some geologic factors peculiar to the dry countries. In the semiarid and 
arid districts of western America and of Mexico the inhabitants have 
long recognized this special erosive cause which tends to produce the 
plain effects. They have also given this phase of erosion a distinctive 
title. The provincial name is the floodsheet; and, as will be seen later, 
a very appropriate term it is. 

The encounter with a floodsheet in a dry desert is something quite dif- 
ferent from every other experience, and when once met with never to be 
forgotten. The sporadic but severe thunderstorms produce diametrically 
opposite effects in the mountains and on the plains. These “cloud- 
bursts,” as they are suggestively called by those dwelling in the arid 
regions, give rise in the hills, and often for a short distance from the foot 
of the ranges, to normal stream action of a very vigorous character. As 
the ephemeral torrents debouch from the canyons at the base of the moun- 
tains they quickly spread out into typical, though very local, floodsheets. 
McGee’s account is of one of the latter and is as follows: 


“During the 1894 expedition a moderate local rain occurred while the party 
were at a Papago rancheria near Rancho de Bosque, some 15 miles north of 
the international boundary at Nogales; the rainfall was perhaps one-fifth of an 
inch, sufficient to moisten the dry ground and saturate the clothing, despite the 
concurrent evaporation, and was probably greater in the adjacent foothills of 
the Santa Rita range. The road was sensibly level, having only the 20-foot-to- 
the-mile grade of the Santa Cruz valley; it ran across the much stronger slope 
from the range toward the river, and an arroyo embouched from low terraci- 
form foothills not more than 200 or 300 yards up the slope. Thus the arroyo 
opened not on a perceptible fan, but on a sensibly uniform plain of sand and 
silt with occasional pebbles, sloping perhaps 150 feet to the mile. “The shower 
passed in a few minutes and the sun reappeared, rapidly drying the ground to 
whiteness. Within half an hour a roar was heard in the foothills, rapidly 
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increasing in volume; the teamster was startled, and set out along the road 
up the valley at best speed, but before he had gone 100 yards the flood was 
about him. The water was thick with mud, slimy with foam, and loaded with 
twigs, dead leafiets, and other flotsam; it was seen up and down the road 
several hundred yards in either direction, or fully half a mile in all, covering 
the entire surface on both sides of the road, save a few islands protected by 
exceptionally large mesquite clumps at their upper ends. The torrent ad- 
vanced at race-horse speed at first, but, slowing rapidly, died out in irregular 
lobes not more than a quarter of a mile below the road; yet, though so broad 
and tumultuous, it was nowhere more than about 18 inches, and generally only 
8 to 12 inches, in depth, the diminution in depth in the direction of flow being 
less rapid than the diminution in velocity. The front of the flood was com- 
monly a low lobate wall of water, 6 to 12 inches high, sloping backward where 
the flow was obstructed by shrubbery, but in the open curling over and break- 
ing in a belt of foam like the surf on a beach; and it was evident that most 
of the water first touching the earth as the wave advanced was immediately 
absorbed and as quickly replaced by the oncoming torrent rushing over pre- 
viously wetted ground. Within the flood, transverse waves arose constantly, 
forming breakers with such frequency as to churn the mud-laden torrent into 
mud-tinted foam; and even when breakers were not formed it was evident 
that the viscid mass rolled rather than slid down the diminishing slope, with 
diminishing vigor despite the constant renewal from the rear. Such were the 
conspicuous features of the sheetflood—a thick film of muddy slime rolling 
viscously over a gently sloping plain; and this film was a transformed stream 
still roaring through the rugged barranca only a few miles away.” 


The verity of the tremendous efficiency of the floodsheet has been amply 
attested by the experiences, for the past 20 years, of the railways travers- 
ing the Mexican tableland and the Great basin of western United States. 
Sheetflood effects have not attracted special attention mainly for the 
reason that when interfering with railway travel they are spoken of 
merely as “washouts.” Of late years the various roads of the arid region 
of the West have expended very large amounts of money devising means 
of protection against the “floods.” This is sought by attempting to 
direct the waters into artificial streamways. On the more elevated sides 
of the tracks are constructed long series of deep A-shaped ditches and 
high embankments. Where the bases of the contiguous triangles meet, 
trestles are built. 

The railways, in other words, are making every endeavor to develop on 
the plains stream systems such as nature produces in the humid lands. 
Success is only partial. The plain-forming forces are stronger than 
man’s weak efforts against them. The ever-shifting sands and loams are 
continually fillmg up the ditches and leveling off the embankments. 
When the sheetflood comes it rolls over the plains and buries the tracks 
or floats them off. It works in the same way as it has for centuries. 


SHEETFLOOD AND EOLIAN EROSION Sl 


Locating engineers of railroads have yet to learn how to properly make 
surveys across the arid country. 

In August, 1906, one of the trains carrying some of the members of 
the International Geological Congress to the city of Mexico passed, in the 
state of Chihuahua, through five floodsheets in a single day. One of 
them, on a plain with a noticeable grade, appeared, as far as eye could 
reach, like a lake with shrubbery everywhere growing out of it. When 
closer inspection was made it was soon found that the waters were in 
rapid motion down the slope, which happened to be toward the railway 
track. Part of the floodsheet reached the track before the train suc- 
ceeded in getting beyond its effects and buried the roadbed in mud. The 
train following was delayed hours, and it was afterward learned that the 
mud covered the tracks in places to depths of more than 2 feet. The 
roadbed for a distance of more than 3 miles was completely lost to view. 

McGee, I think, greatly overestimates the actual extent of sheetflood 
action as a destructive agency of erosion. It is of great significance that 
he recognizes throughout the Sonoran district which he describes, and 
far beyond its borders, that the intermont plains all have rock-floors, in 
most places only very thinly veneered with sands and silts. He ascribes 
this condition entirely to sheetflood work. Sheetflood action is probably 
secondary to eolian action in these regions. Sheetflood effects are very 
local and of sporadic nature; wind action is universal and constant. A 
floodsheet may visit a given locality only once a year; the wind blows 
over the plains all the time. 


EOLIAN EROSION IN ARID REGIONS 


In the arid regions the wind is probably not only the most potent of 
the gradative agencies, but its efficiency is greater than all other geologic 
processes combined. The cooperation of sheetflood activities in making 
the plains is important; without extensive wash the present smoothness 
of the plains would be impossible. 

The main activity of the wind is manifestly degradational in character. 
The constructional effects are local and relatively unimportant. It is 
thought that in the arid regions of western America the wind has been 
a general leveling agent the importance of which has been little suspected. 

Throughout the dry regions “dust storms” are violent and frequent. 
During their progress their effects in producing personal discomforts 
have commonly blinded all, even trained scientists, to their real geologic 
significance. While these dust storms last, and even for several days 
afterward, the air is so filled with fine soil that it is often impossible to 
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see objects more than a comparatively short distance away. The sun is 
frequently obscured as by a heavy raincloud. The dust floats upward 
thousands of feet above the surface of the ground and remains suspended 
for days at a timeor is blown away to distant regions. The amounts of 
fine materials thus carried away must be enormous. 

The tremendous effects of the dust storm or sand storm on the Sahara 
and Arabian deserts have been known since earliest historic times; but 
they have been looked upon as merely freaks of idle shifting sands rather 
than of powerful and persistent geologic agents. Some of the geologic 
effects of the wind as a denuding power have been recently ably discussed 
by Walther,*® whose observations were made chiefly on the northern 
African deserts. Similar wind effects on the bare sand bars of the Mis- 
sourl river reproduce on a small scale and under a humid climate the 
conditions of great desert regions.”° 

Dust alone is not only transported by the winds, but sands and even 
pebbles are swept along with much force. On the bare rock surfaces 
these act as a sand blast, polishing the harder ledges until they appear as 
if they had been actually fused. Under the influences of streaming 
sands, all outcrops are rapidly worn away at a rate many times faster 
than by running waters. During a single “storm” large areas of bare 
rock may be uncovered, exposed to the triturating action of the moving 
sands, and become again covered by a mantle of loam and sand. Shallow 
basins, from a few hundred yards to several miles across, may be hol- 
lowed out of the plains surface that may afterward be filled with storm 
waters, producing lakes. Gilbert?’ has ascribed some such origin to cer- 
tain ponds in western Kansas. In the desert regions the eolian genesis 
of minor lake basins appears to be more.prevalent than is commonly 
supposed. 

Among the larger effects of eolian action is general planation, a process 
which in dry lands corresponds in its ultimate results to baseleveling in 
humid regions. It now appears that to this agency, assisted by the sheet- 
flood, should be ascribed the chief cause of the even rock-floors of the 


basin plains of the arid country. By it the surfaces which are worn out ~ | 


on the beveled edges of the rock strata are formed in the same way as the 
peneplain is evened off by means of water action. The process is prob- 
ably more rapid on the whole than that giving rise to peneplanation. 


# Aphandlungen K6niglichen Siichische Gesellschaft der Wissenschaften, xvi band, 
1901. 

a American Journal of Science (4), vol. vi, 1898, pp. 299-304; also Bulletin’ de la 
société Belge de géologie, du paleontologie et d’hydrologie, tome xii, 1901, pp. 14-21. 

% Journal of Geology, vol. iii, 1895, pp. 47-49. 
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Much of the supposed general leveling effects ascribed to sheetflood ero- 
sion should be probably attributed to eolian activity. 


PLAYA DEPOSITS 


In the Basin Range region it has been customary to regard the inter- 
‘mont plains on the one side as deeply covered by waste which gradually 
becomes thinner until finally the bare surface of the tilted block emerges 
and passes into the mountain elevation (figure 6). Most of those per- 
sons who have had to deal with the basin ranges of western America have 
thus interpreted the underground structure of this region. It now seems 
that this idea is due to a purely deductive conclusion based on wholly 
‘erroneous premises. 

Later observations recognize three distinct belts of relief: (1) The 
dissected highlands, composed usually of bare rock-masses; (2) the 
graded piedmont slopes, made up of more or less angular and coarse 
rock-waste, and (3) the aggraded central plain, composed of fine clays 


Ficurb 6.—General Conception of Basin Range Structure 


and often occupied by lakes, salinas, or broad playas. The necessary 
deduction is that eventually the central area of the plains is the final 
resting place of all or nearly all of the materials brought down from the 
peripheral highlands, and that the deposits thus formed are very deep. 
This is McGee’s view.??. It is implied by Davis** when he classes them 
as agegraded areas, at least during the earlier stages of the arid cycle. It 
seems to be also the conclusion of every casual observer. It suggests 
itself as the only possible alternative, especially when the valley plains 
have no outlets, but are truly inclosed basins. 

There are many transitions, among these intermont basin plains, from 
those holding extensive and permanent lakes to those which are perfectly 
drained. ‘The stage known as the playa is one in which there is a broad 
expanse of barren silt; “dry lakes” they are usually aptly called. Waters 
are only brought down once or twice a year from the surrounding moun- 
tains, and cover the mud-flat to depths of a few inches or a foot or two. 
Such lakes are very short-lived, lasting only a few weeks at most. Nine 
or ten months out of the year the areas occupied by them are dry flats. 


*2 Bulletin of the Geological Society of America, vol. 8, 1897, pp. 87-112. 
28 Journal of Geology, vol. xiii, 1905, p. 387. 
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Playas and similar mud-flats of the arid plains must be regarded as 
areas of great degradation as well as areas of aggradation. It is doubtful 
whether in the great majority of cases the former lags little or any behind 
the latter. When the waters are finally all evaporated the playas are 
veritable “mud-flats.” This bottom mud as it dries curls up into leaves 
-a millimeter or two in thickness and several centimeters across. The 
first strong wind that comes along blows these leaves away like the fallen 
foliage of the trees after the first blast of winter. Much of this material 
is carried bodily away, miles out of the playa area, or gathers in huge 
windrows about its margins. A large part is ground to dust in the moy- 
ing about and is then carried off like other dusts of the plains. With 
every shower that falls on the playa, there is the same mud layer again 
‘formed and further exportation of the material. 

When old playas have been cut through by recent torrential or stream 
corrasion the soft deposits appear, in a number of observed instances at 
least, to have no very great thickness. In the Meadow valley, in south- 
eastern Nevada, for example, 100 feet beneath the surface of the old 
playa, the hard rock-floor of the plains is in evidence—ancient lime- 
stones, sandstones, and shales highly inclined and horizontally and evenly 
beveled. In the Amargosa valley of southeastern California similar 
phenomena are presented. In the remnants of the old bolson surfaces 
along the Rio Grande there is often displayed the ancient rock-floor sur- 
face high above the present level of the existing channel. 

Many salinas exhibit like conditions. In the great Hueco bolson, in 
central New Mexico, are shallow alkaline lakes which are dry for the 
greater part of the year. As the waters dry up, a thin sheet of various 
salts, chiefly gypsum, is left on the bottom. This soon curls up into thin 
leaves, which when blown together are quickly broken up into gypsum 
sands and salt sands. The winds carry the white sand out on the plain, 
where it gathers into immense dunes, 60 to 100 feet in height, miles wide 
and a score of miles in length (see plate 5). 

The central flats of the intermont plains of the arid districts are, then, 
not always areas of constant aggradation, as has been commonly inferred, 
but are areas of most rapid degradation as well. In some of the central 
flats a rock-floor is known to exist at shallow depths. In the large major- | 
ity of them nothing is as yet definitely known regarding the character or 
the depth of the substructural surface. Whenever any of the last men- | 
tioned class have been examined carefully as to the depth of their rock- 
floors the mantle of detritus has been found to be of no great thickness. 
In a few cases great thicknesses of surface materials no doubt exist, but 
most of those which have been so reported do not appear to be thus deeply 
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GYPSUM SAND DUNES 
In the Hueco bolson, New Mexico, 60 to 100 feet high 
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buried. With few exceptions, such reported observations must be sub- 
mitted to further scrutiny before they can be fully relied upon. The 
recent assertions of Tight** and of Lee? are categorical] in the extreme, 
and have to be taken, in the light of recently observed facts, with ex- 
treme caution. In the case of the Albuquerque deep well being 700 feet 
in soft mesa deposits, it is significant that the main water supply of this 
well comes from levels less than one-half of this distance from the sur- 
face, and that the strata beneath this level appear strangely like the 
uppermost Cretacic sands of the local geologic section. It would not be 
surprising to find also an extensive section of the Hocene Puerco deposits 
at a level only a short distance beneath the river bed. 

On the whole, the ascribed thicknesses of aggraded materials in the 
central portions of the basins under consideration is, as yet, largely a 
result of inference to fit an hypothesis rather than a matter of careful 
observation on actual conditions. ‘There are probably, in different parts 
of the arid country, all gradations, from the basins with deep aggraded 
substructure to those in which there is merely a veneer or even bare rock. 
The significant fact remains that in the majority of cases in which there 
have been careful observations made there is a rock-floor at very shallow 
depths. Such facts are in perfect accord with the evolution of the gen- 
eral relief features under conditions of an arid climate, where wind, and 
not water, is the dominant factor in giving expression to the earth’s sur- 
face. Facts of this class are also in harmony with our ideas regarding 
complete leveling of high-lying surfaces without baseleveling. 


ARID PLAINS OF OTHER REGIONS 


The idea of the planing off of a high-lying land-mass without being 
first reduced to baselevel was developed mainly by Passarge?® for the vast 
dry plains of South Africa. To this region reference has been already 
made in some detail. 

Bornhardt’s description?® of the elevated plains of German Hast Africa 
indicates that the main epoch of planation was one of aridity. In north- 
ern Africa the Libian and Nubian deserts present in many places a firm 
rock-floor at slight depths, the full significance of which has never been 
appreciated until Passarge emphasized the fact elsewhere. From the 
accounts of travelers the interior of the Sahara desert have characteristics 
not unlike those of some of the plains districts of western America. On 


% American Geologist, vol. xxxvi, 1905, p. 279. 
2>U. S. Geological Survey, Water Supply and Irrigation Paper, no. 188, p. 190. 
*6 Zur Oberflichengestallung u. Geologie Deutsch-Ostafrikas, Berlin, 1900. 
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this point the observations of Walther?‘ in northern Africa are of great 
interest. . 

In the central Asian desert belts the planed surfaces of such flat-topped 
mountain ranges as the Bural-bas-tau and other similar ridges in the 
great Tian Shan system were formerly*® considered as remnants of an old 
peneplain uplifted to heights of 12,000 feet and over. Regarding them 
the question has been more recently raised by Davis*® that they might 
possibly be partly, if not wholly, due to leveling without baseleveling, 
under conditions of arid climate; but the existence of a peneplain, drain- 
ing to the sea, in the northern part of Asia would, according to this au- 
thor, seem to militate against this suggestion. Farther to the westward, 
in the Caspian basin and also even in the southern provinces of Huropean 
Russia, the beveled rock-floor of the steppes, even though lying so near 
or even below sealevel, may be largely the result of desert-leveling rather 
than of base-leveling. Bearing directly on this point, Penck*® has sug- 
gested that so long as the waters of the sea do not have free access to the 
area a desert surface may be readily excavated considerably below mean 
tidelevel. 

The great desert plains of Australia are in need of careful scrutiny 
with this idea constantly in mind of general leveling under conditions of 
aridity instead of under conditions of normal peneplanation. 


PLANORASION 


In the normal cycle of evolution of land forms under conditions of a 
humid climate the dominant process is stream corrasion. The ultimate 
product of a general plain is the least important stage. The process is 
known as peneplanation. In the geographic cycle under climatic condi- 
tions of aridity stream action is of small consequence. A plains surface 
is persistently maintained throughout the cycle, or at least from a time 
very soon after its inauguration. The plains feature is, as fully attested 
by the observations of Passarge, smoother than is possible with the pene- 
plain. The ultimate product is a general plain but slightly different 
from that existing through the whole period during which the plains- 
forming process has been in action. It is essentially planorasion. 


GEOGRAPHIC CYCLE IN AN ARID CLIMATE 


The foregoing observations are intended as a contribution to our knowl- 
edge of the substructure of the plains in the dry regions of the West, and 


7 Das Gesetz der Wiistenbildung, Berlin, 1900. 

*8 Appalachia, vol. x, 1904, pp. 277-284. 

*» Journal of Geology, vol. xiii, 1905, p. 405. 

®” American Journal of Science (4), vol. xix, 1905, pp. 165-174. 


GEOGRAPHIC CYCLE IN AN ARID CLIMATE 87 


particularly of the Great basin and of the Mexican tableland. The facts 
recorded are given as concrete proofs of general leveling of elevated areas 
of great extent without baseleveling and of the possibility of an arid cycle 
in a given district and under special conditions. 

As noted by Passarge in the South African plateau, the essential char- 
acteristics developed during far advanced stages of the arid cycle appear 
to be as clearly displayed in the American dry country. He makes little 
reference to the earlier stages which are especially characterized by Davis, 
who considers the arid cycle in its entirety. For the region under con- 
sideration the salient features are (1) true plains of vast extent, above 
which rise abruptly the isolated mountains; (2) general absence of foot- 
hills; (3) highlands composed of hard rocks and lowlands of soft rocks ; 
(4) rock-floor a plain itself on the beveled edges of the strata; (5) rocks 
without surface decomposition; (6) mantle of loose detritus relatively 
thin; (7) rock-waste transported; (8) waste debris merely rendering the 
plain smoother. 

In his generalities, in formulating the scheme of the arid cycle Davis** 
goes far beyond Passarge. 


“Tt thus seems [says the American author in conclusion] to be as well sup- 
ported by appropriate facts as is the scheme of the normal cycle; it is, in- 
deed, in one respect even better supported, for while the African plains are 
examples of old desert plains now growing still older, it is difficult to point 
out any large peneplain that still stands close to the baselevel with respect to 
which it was worn down.” ; 


The “Inselberglandschaft” of South Africa is described by both Born- 
hardt and Passarge as composed of residual mountains rising island-like 
out of the great plain. In western America the nearest counterpart is 
found in southwestern Arizona. Here the mountain ranges are composed 
of lofty masses of very resistant rocks, chiefly andesites and rhyolites in 
extensive bedded sections after the manner of clastic formations. The 
layers are not noticeably tilted. The almost vertical walls and precip- 
itous slopes on either side of a range display the horizontally lying edges 
of the lava beds frequently for thousands of feet in vertical section. The 
cross-section of the Plomas mountains, as an illustration, represents this 
structure as given below (figure 7). These mountains are, perhaps, true 
residuals. 

In the case of the tilted block mountains, which are most characteristic 
of the Mexican tableland, the ranges can hardly be considered as wholly 
residual. Most of them have had the soft rocks, which are now only ex- 
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posed at the foots of the longer slopes, eroded from their summits. 
These blocks are not simple residual elevations, since they have been 
partly reared through recent and profound faulting. How much of such 
mountains should be ascribed to strictly residual effects and how much to 
elevation above the adjoining plains would have to be determined in each 
particular instance. Ordinary desert-leveling has been greatly compli- 
cated by extensive extravasation as well as by profound orogenic move- 
ments. The specific effects of epelrogenic movement have never been 
considered. 

The observation is made by Davis* that “no special conditions need be 
postulated as to the initiation of an arid cycle. The passive earth’s crust 
may be (relatively) uplifted and offered to the sculpturing agencies with 
any structure, any form, any altitude, 
in dry as well as in moist regions.” 
While this statement is eminently 
true under conditions of a wet cli- 
mate, a little reflection must make it 
clear that it is not necessarily so with 
respect to a dry country, where the 
dominent erosive agency is entirely 
distinct. In an arid climate, accord- 
ing to the writer just quoted, the 
typical initial condition of the earth’s 
surface is that of a more or less 

FIGURE 7.—Projile of Crest of Plomas rugged mountainous Tegion.® In a 

Range, Arizona moist climate, in which there is a suc- 

Vertical distance about 1,000 feet cession of completed cycles, the most 

typical initial condition of surface 

relief is that of a peneplain. Instead of postulating similar topographic 

types, the beginnings of the normal and the special cycles are considered 

as taking place under the most antithetical of relief effects possible. This 
surely is not necessarily so. 

For the initiation of an arid cycle the selection of an antithetical type 
of relief instead of a normal type, as would naturally be expected, ap- 
pears to be due largely to deductions resting upon present conditions 
obtaining in the desert regions of western United States and central 
Asia. So far as this country is concerned, there seems to be as yet very 
little specific exemplification brought out in support of the contention. 
In reality, what is actually postulated in the Davis scheme of an arid 


*2 Journal of Geology, vol. xiii, 1905, p. 382. 
%3 [bid., p. 380. 
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climate are highly specialized initial conditions in place of generalized, 
typical, or “no special” conditions. 

Wnder ordinary conditions of climatic aridity the initial relief may be 
regarded as being either one of two extreme types. One is the rugged 
mountainous type of topography, and the other is the general plains type, 
as in the normal cycle—the peneplain, if you please. Only the first 
mentioned type could serve for the foundation of the distinctly marked 
scheme of an arid cycle, as recently so astutely developed by Davis; the 
second would result in a scheme of general desert-leveling, with no dis- 
tinct stages, as formulated by Passarge. As will be noted later on, the 
occurrence of instances of the first named scheme, corresponding in all of 
its phases to those of the normal cycle, must be very rare indeed. ‘The 
prevailing mode of leveling and lowering of an arid country must be 
very largely after the fashion described for the South African region. 
The latter region would thus represent the general course of desert-level- 
ing, rather than only the senile stage. 

With an upraised peneplain, the degradational processes may start to 
reduce the country toward ultimate baselevel just the same under con- 
ditions of an arid climate as under conditions of a moist one. When the 
wind is the chief erosive agency the resulting topographic effects are not 
so very unlike the general relief effects produced by the streams. The 
belts of hard rock are brought into somewhat stronger contrast, perhaps, 
than in moist climates. The geologic structures are more sharply accen- 
tuated. he rock-floor is cleaner swept. The belts of weak rocks are 
faster removed. At all times the plain is more strikingly the dominant 
relief.feature. If after the main epeirogenic movement orogenic activity 
remains quiescent, the general plain continues indefinitely to persist 
without marked change of expression, as is clearly the case of the South 
African tableland, where there would be no distinct stages marking the 
evolution of the arid cycle. Epeirogenic movement followed by frequent 
and widespread orogenic disturbances, and also by vigorous volcanic 
activities, as in western United States, would soon obliterate most evi- 
dences of a former peneplain, if such ever existed over the region. There 
are strong reasons for believing that such a peneplain actually did exist 
there at the beginning of the period of aridity. 

When critically examined the scheme of an arid cycle, distinctly staged 
and beginning with a rugged mountainous relief, is found to be in reality 
the evolution of the normal wet cycle with somewhat less water. If the 
periods of infancy, youth, and maturity could exist, they must be so brief, 
compared with the duration of the characteristics of old age, that they 
become stages altogether negligible, even when starting with a moun- 
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tainous relief. Beginning with a plains relief, they surely would be en- 
tirely out of the question. Considering the present desert mountains of 
western United States as very recent features and as initiated subse- 
quently to the introduction of the arid climate, as now appears altogether 
likely, the earlier stages of the dry cycle must have been very different 
from those depicted. 

Professor Davis distinctly makes water action the most efficient erosive 
agent of the arid region, ascribing a very secondary role to the wind. In 
a country with only 10 inches and less of annual rainfall, nineteen- 
twentieths of which sinks into the ground as soon as it touches the sur- 
face, and does not appear as stream water at all, it is exceedingly difficult 
to understand how water can have the greater erosive force. For an arid 
region, southwestern United States is anomalous, because it contains sev- 
eral large rivers flowing through to the sea. It is to be remembered 
that these streams merely traverse the arid country, and are not in fact 
in any way an essential part of it. These rivers are of large size; their 
headwaters are in the moist regions; they have very high gradients; they 
all carry vast volumes of silt; they receive no lateral augmentations to 
their waters in passing through the dry country, and carry to the ocean 
from the arid region about as much rock-waste as do the Arkansas, Platte, 
and Missouri rivers from their basins. It is perhaps for this reason, 
more than any other, that the rock-floor of the arid plains is so well dis- 
played at small depths. Where the direct influence of the through 
flowing streams is not so apparent, as in Nevada, the transported sands 
and soils drift about more and accumulate into vast sand dunes, just as 
they do on the streamless Lybian and Nubian deserts. 

The importance of Passarge’s great generalization lies in the sug- 
gestion that it is possible under conditions of an arid climate for the gen- 
eral planation of vast areas to go on without regard to the sealevel. For 
a long time this author** found great difficulty in accounting for the 
great plains surfaces by wind action alone, for the reason, as he explains, 
that the wind has no baselevel of erosion and must continue the work 
of excavation and removal wherever the rock-floor is not resistant. Re- 
cently Penck*® has suggested that so long as the sea is held out a desert 
surface might be worn down to a level below that of the tide. There 
seems to be, however, a limit even to this desert-leveling and eolian exca- 
vation. The ground-water level in a structurally inclosed basin must 
finally limit the effects of wind action by keeping the surface moist, 
either giving rise to salinas or forming a basin into which sporadic storm 


* Zeitschrift d. deutchen geol. Gesell., lvi Band, 1904, Protokol, p. 108. 
* American Journal of Science (4), vol. xix, 1905, p. 165. 
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waters find a long resting place.** ‘This would seem to be the case of the 
Death and Imperial valleys of California, the basin of lake Eyre in Aus- 
tralia, the Aral and other basins of western Asia, and many great hol- 
lows in the Sahara desert. While theoretically there might not be a 
downward limit to wind erosion in a dry climate, as Penck notes, so long 
as the sea is held back, there appears to be in reality a final level beyond 
which eolian excavation does not go. This level is no farther below sea- 
level than the final position of the peneplain is above it in a normal cycle. 
Ground-water level appears to be an important limiting factor to the 
erosional effects produced by eolian action, at least temporarily and 
locally. Of this class are many of the basins of the Mexican tableland, 
notably the Estancia, Hueco, Casa Grande, and Mapimi bolsons. While 
ground-water level, of course, lowers with the general lowering of the land 
surface, the rate is not always quite so fast. A level is finally reached in 
some localities where the upper surface of phreatic waters reaches sky. 

Our science owes much—yvery much more than can be stated at this 
time—to Passarge and Davis for their broad deductions regarding the 
nature of arid erosion and desert phenomena, which have until within the 
last lenstrum remained inexplicable. ¢ 


RECAPITULATION 


It appears from the foregoing statements that in the arid regions of 
western America— 

(1) There exists a vast general plains-surface, above which rise 
abruptly the numerous lofty mountain ranges ; 

(2) The plains occupy the areas of weak rocks and the mountains the 
areas of resistant rocks, the geographic extent of which areas has been 
largely determined, in order of their importance, by local extravasation, 
dislocation, and deformation ; 

(8) Bolsons, at least the original types selected, are destructive plains 
rather than constructive valleys, as they have been defined ; 

(4) There exists nearly everywhere in the arid region, at no very great 
depth, a distinct rock-floor; this generalization is not inconsistent with 
the idea of the presence of deep waste in the earlier stages of the arid 
cycle; 

(5) The rock-floor is itself a plain, formed on the beveled edges of the 
rocks ; 


(6) The detrital mantle of the intermont plains is, on the whole, rela- 


% American Journal of Science (4), vol. xvi, 1903, p. 377. 
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tively thin instead of being of great thickness, as heretofore generally 
regarded ; 

(7) The central playas, which many of the intermont plains contain, 
are areas of great eolian degradation as well as of sheetflood aggradation ; 

(8) The main denuding and leveling agent is eolian in character ; 

(9) Water action has a very subordinate influence ; 

(10) Sheetflood erosion has a general importance in plain-forming 
that has long been overlooked ; 

(11) What valley corrasion is in the humid region, planorasion is in 
the dry regions; 

(12) Under conditions of an arid climate, a general plain of great ex- 
tent may be formed without reference to baseleveling ; 

(13) The main significance of a definite rock-floor to the desert plains 
is the verity of eolian erosion as the chief factor in the geographic devel- 
opment of an arid country. 
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INTRODUCTION AND BRIEF DESCRIPTION OF MINE 


During the fall of 1902 the officers of the Mine Developing Company 
of Cleveland presented the geological department of Case School of Ap- 
plied Science with several vein sections and specimens of high grade silver 
ore from their California mine in Colorado. The writer has obtained 
most of his information concerning the mine from the officials of the 
company, whom he wishes to thank for both information and specimens. 

The California mine, formerly known as the Bell property, is situated 
on Glacier mountain, about 3 miles from Montezuma, Summit county, 
Colorado. The ore occurs in a fissure vein having a dip of approximately 
30 degrees to the northwest and a strike which varies from 30 to 50 de- 
grees northeast and southwest. The country rock is a coarsely foliated 
granitic gneiss in which the biotite has altered to chlorite minerals near 
the vein; this alteration was probably due to normal weathering, and not 
to the action of the solutions which deposited the vein matter, as no cases 
of impregnation of ore minerals were noticed outside the vein wall in any 


1 Manuscript received by the Secretary of the Society December 30, 1907 
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of the specimens under observation. In hand specimens the foliation of 
the gneiss is not always distinct, and the rock is locally known as granite. 
The vein varies in width, and frequently has a massive granular appear- 
ance, but sometimes possesses a banded structure due to symmetrical 
deposition of minerals; at other times a more or less brecciated appear- 
ance is noticeable, which was probably caused by movements of the vein 
walls on each other. The surrounding region is more or less faulted, and 
at one place in the mine, the main ore body has been dislocated and shows 
slickenside surfaces. The vein is separated from the gneiss by a wide 
clay selvage, or gouge, which causes more or less trouble by caving in. 


PRINCIPAL ORE oF MINE AND ASSAYS OF SAME 


The ore occurs in streaks in the vein, varying from 1 to 21 inches in 
width, and consists principally of argentiferous galena, although in places 
large amounts of sphalerite are mixed irregularly through it. As a rule, 
both galena and sphalerite are coarsely granular, the crystals of each vary- 
ing in size up to 3 inches in diameter. Some assays were made, which 
show an interesting variation of silver and lead values in the different pay 
streaks of the vein as follows: 


No. 1, 1 inch wide; silver, 86.5 ounces per ton; lead, 34 per cent. 

No. 2, 2-3 inches wide; silver, 11.0 ounces per ton; lead, 33 per cent. 
No. 3, 4 inches wide; silver, 17.0 ounces per ton; lead, 65 per cent. 
No. 4, 4-5 inches wide; silver, 34.0 ounces per ton; lead, 64.5 per cent. 
No. 5, 5 inches wide; silver, 19.0 ounces per ton; lead, 47 per cent. 
No. 6, 14 inches wide; silver, 25.8 ounces per ton; lead, 80 per cent. 


An inspection of the above assays shows that the streak which ran high- 
est in silver values contained the lowest percentage of lead, and that the 
one with highest lead contents gave results low in silver. This shows that 
the amount of silver does not depend on the quantity of galena present. 
It might be suggested that the variations in silver values could be ex- 
plained by the presence of proustite and argentite mixed with the galena 
and sphalerite. However, the above assays were made long before the 
discovery of the rich proustite-argentite ore which will be described later 
in this article, and, as far as the writer can learn, those minerals were 
never found in the mine before the present discovery. Therefore it would 
seem that the variations in silver were probably caused by argentiferous 
galena in which the silver contents varied considerably. Possibly there is 
not sufficient evidence to warrant the speculation, but it occurs to the 
author that the different streaks might possibly have been deposited from 
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different solutions. This explanation would account for the variation of 
silver and lead values shown in the assays. 


OCCURRENCE OF THE PROUSTITE 


In September, 1902, the largest pay streak of the vein widened to about 
21 inches and assumed a distinctly banded structure, with galena and 
sphalerite irregularly mixed on each side; these were followed by siderite, 
also symmetrical, while in the center was a streak of massive proustite 
with finely intermingled quartz which was more or less drusy. This 
streak was usually about 2 inches in width, but in one instance amounted 
to 14 inches. The proustite possesses all its usual mineralogical charac- 
teristics, which require no further description. For a very short distance 
the central portion consisted of argentite and finely disseminated quartz 
or a mixture of the two with proustite. When the latter predominated 
along the vein, no argentite could be observed, whereas in many of the 
argentite specimens proustite was detected. The proustite ore was fol- 
lowed along the strike for a distance of 30 feet with an upward stope of 
20 feet, at which point it disappeared. By means of a winze and cross- 
cut, it was also followed downward 15 feet until mining operations 
were suspended in the winter. The average specific gravity of four speci- 
mens of the proustite-quartz ore was found to be 4.17 as compared with 
5.60 for the pure proustite. Several quantitative blowpipe determina- 
tions showed an average of about 20 per cent silver or about 6,000 
ounces to the ton for the specimens examined. This would indicate about 
33 per cent of the ruby silver, while the average specific gravity obtained 
would indicate a little over 50 per cent proustite. 

Mr J. C. Sharp made two quantitative analyses of carefully selected 
proustite, the average of which gave as follows: 


Found Theoretical 


(Ag3A8S3) 
ENO Memep er Welicve fous seve si sh cveviereiial ecerelleloisiels cers sheValisyeh afielevaus; clevers 67.60 65.5 
EXCH BB IA CD BIST) 8 GOL ER CI OEND ORD IC ORIO TROIS RICE OES 13.85 15.1 
SS TOI eeesen ever nteireercuatel ata anccarc volsrcral ste lat ava)-auece /oileiie fe(ocencehavens .93 Syelats 
SS MMMetel cieverahevalicusta sie sere: aileliei eve abcilehevsrouil'sysigiereteisie et cvsheress 17.40 19.4 


99.78 100.0 


The analysis shows that a small amount of the pyrargyrite molecule 
(Ag,SbS,) is present, as is the case with certain proustites from Chile 
and Germany. That the percentage of silver found is apparently too 
high, while the sulphur comes lower than the theoretical amount, is prob- 
ably due to an imperfect analysis, but might have been caused by the 
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presence of native silver, although none was perceptible. Silver, however, 
was observed on the argentite described later. Professor A. W. Smith 
very kindly recalculated the analysis on the assumption that the antimony 
replaces arsenic. It was found that .93 per cent of antimony is equiva- 
lent to .58 per cent of arsenic, which makes the total of the analysis come 
still lower than the original, as follows: 


We oe Olas ca 2 ok Sat eae eee 67.60 
i GRRE Naame ae een ee A So 14.43 
CORA MAEM UI RA Ba EN 8 5s 17.40 

99.43 


This calculation shows the arsenic to be .67 per cent low when com- 
pared with the theoretical amount, which is 15.1 per cent. 

Using the arsenic of the above as a basis of calculation of proportions 
in the theoretical formula of proustite, Ag,AsS., we find the following 
requirements : 


Required Found 
ING 5G OCA GEDOOD 0 FO0UT OD OF 62.62 67.60 4.98 excess. 
INS56 SaGH OC OSDOGD ObU aa ONO SUae Spade 14.43 14.43 
Se poapoedouohogodeoUDobo0EdeoOSs 18.54 17.40 1.14 deficit. 


95.59 99.43 


The above calculation proves at least an error in the determination of 
sulphur, but also indicates that native silver may probably be present. 
According to the last results, the original substance analyzed may have 
had the following composition : 


IPLOUStHO Soe oie tras b.08.2 Rereete Belem EOE 95.59 
SHIVER. sals.d 5 |Fish totes sa Bidet ee eee 4.98 
100.57 


OCCURRENCE OF THE ARGENTITE 


The argentite specimens, which vary from 2 to 3 inches in width, are 
generally massive and finely granular, but in some cases are quite coarsely 
granular. As was indicated in the description of the proustite occur- 
rence, the argentite seems to replace the proustite in the central portion of 
the vein for a short distance. In two instances a reduction of the argen- 
tite to native silver in wire-like forms was observed. The coarsely gran- 
ular material is evidently purer, but all specimens are completely sectile 
and malleable. That the mineral, however, is not pure is shown by the 
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fact that the average specific gravity of three samples was found to be 
6.55 as compared with 7.28 for the pure argentite. Quartz is sometimes 
" observable with the naked eye, and, as was mentioned above, proustite can 
often, though not always, be seen on the argentite specimens. 
The average of two analyses of the argentite made by Mr R. B. Dennis 
is as follows: 


ENE ee Met en Sar Meee ve eiletelisher cheat sielerel/s susie ois (ei oven aye tebe 83.57 
Ese cree reteiatatoroker Gh efete ever eyialei eke, aie m crete ieuapececsue Palas oice 12.66 
PINS OMI Le aie crorspe iets sete, clove cio over cuelehe) ele/oter sre) oy eileheuezers 3.62 

99.85 


The analysis was recalculated with the insoluble matter left out, with 
the following results: 


Found Theoretical 
ING od MO OCG. 60.00 ODED TC CRO OOP COID OI ED DIN ae Dena 86.71 87.1 
Steerer creaetcrecobsrererer overs rere ocenshtiovelcustr:s) o eusieisvelofavene ray opatene 13.138 12.9 


99.84 100.0 


The lower specific gravity (6.55) mentioned above conforms in general 
to the amount of insoluble matter in the original analysis and probably is 
due to the finely disseminated quartz. 


PARAGENESIS OF THE ORES 


Owing to the limited number of specimens which could be studied and 
the fact that the author has never visited the mine, it does not seem war- 
ranted to enter into a very extended discussion concerning the order of 
deposition of the various ores mentioned above. One vein section was 
observed which was about 14 inches wide and consisted entirely of an 
irregular mixture of coarsely granular galena and sphalerite. No other 
conclusion seems justified but that both minerals were deposited at the 
same time. Another section described above under the occurrence of 
proustite shows the symmetrically banded or ribboned structure called 
erustification by Posephny, which is considered as showing simple fissure 
fillimg. This specimen contained the same irregular mixture of galena 
and sphalerite on each side, followed by siderite, likewise symmetrical, 
while the center was filled with the drusy mixture of proustite and quartz. 
In still another section the same order is followed, except that argentite is 
substituted for proustite. According to this arrangement, the galena and 
sphalerite were deposited at the same time, followed by siderite, while the 
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last to be precipitated was the mixture of proustite and quartz or argen- 
tite and quartz. From the solubility of these various minerals it would 
seem probable that here, also, the ores were deposited from different solu- 
tions at different times, which was the conclusion drawn from the assays 
given above, all of which were made before the discovery of the rich silver 
minerals. 

It seems plausible that there were two silver solutions, one first fur- 
nishing the argentiferous galena, while the later one deposited the prous- 
tite and argentite along with quartz. Although apparently of later origin, 
in no case were the silver minerals found penetrating through the siderite 
into the galena and sphalerite, which would indicate that there was no 
later fracturing or opening of the fissure while the filling of the same was 
taking place. The walls of the vein seem everywhere sharply defined, 
and no replacement of the country rock was noticed. It might be men- 
tioned that the officials of the company working the mine have a decided 
opinion that more sphalerite has been encountered in the lower levels than 
above. Likewise no proustite and argentite were ever found in the older 
workings above. This indicates an enrichment of the vein below, which 
might be due to solution of upper deposits and precipitation of the same 
in the lower levels. There was no evidence observed which would warrant 
this assumption, however, and it seems more probable that the change of 
ores has been caused by other conditions, such, possibly, as variation in 
pressure, temperature, or chemical composition. 


CoNCLUSION 


The chief incentive in writing this article was to record the new occur- 
rence of proustite and argentite in this particular locality. The writer 
has also never seen or heard of such massive specimens in such large 
amounts from any other region. On account of these facts, this paper 
has been deemed worthy of presentation before this Society, and specimens 
of both minerals in vein sections are submitted for inspection, hoping that 
they may prove of interest. 
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INTRODUCTION 


The gold-bearing rocks of the mainland of Nova Scotia have been 
under examination for more than fourscore years. Their structure and 
the methods of occurrence of their veins and the included metal have 
been studied in considerable detail; but from the earliest speculation of 
Gesner to the latest papers, references to the age of the series have been 
either vague or dogmatic without the requisite evidence to substantiate 
the statement. In recent years authors have for the most part been satis- 
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fied with following the lead of earlier writers in calling the series Cam- 
brian. The present paper aims to assemble whatever evidence is available 
bearing upon the age problem; and while the results are far from satis- 
factory and lack definiteness, they at least may indicate the extent of the 
existing uncertainty and possible lines of inquiry designed to eliminate 
that uncertainty. 

Difficulties which lie in the way of establishing the age of the Meguma 
series appear early to the student; for he has to deal with a group of 
rocks nearly 30,000 feet in thickness, apparently conformable throughout, 
remarkably monotonous in texture, practically barren, and exhibiting 
neither a base beneath which is exposed an older series nor a summit 
above which lie any fossiliferous formations of such age as will aid much 
in establishing that of the gold-bearing rocks. In all the 30,000 feet 
there has been discovered but one horizon which can he traced far—the 
contact between the lower quartzitic Goldenville formation and the upper 
slates, the Halifax formation. 


History OF OPINIONS 


Without going into details, the fluctuations of opinion regarding the 
age of the Meguma series are as follows: Gesner (1843) called it Cam- 
brian, without assigning reasons. Dawson (1850) regarded it as Lower 
Silurian or older (1855), perhaps equivalent to the Potsdam, Utica, and 
Hudson River; and later (1860) suggested that it corresponds to the 
Paradoxides zone in Newfoundland (see also Billings, 1860). The first 
edition of Acadian Geology (Dawson, 1855) places the series from Lower 
Silurian to Azoic; the second edition (1868) places it from the Chazy to 
Upper Potsdam “partly on evidence of an inferential character” (page 
613). Marcou (1862) called the series Taconic. 

In 1869 Hind made the first announcement of “fossils,” resembling 
Paleotrochus major and minor (Emmons), accompanying concretions in 
quartzite; and upon them he hased a supposed age of Upper Potsdam to 
Lower Calciferous. In 1870 (18708, 1870, 1870¢, 18704) he described 
an underlying Huronian series which has proved to be a gneissoid portion 
of the Meguma. In 1872 Selwyn announced the discovery of Eophyton 
at the Ovens, near Lunenburg, and called the series Lower Silurian, 
equivalent to the Harlech grit and Lingula flag of Britain, now classed 
as Lower and Upper Cambrian. 

In the third edition of Acadian Geology (18787) Dawson changed his 
designation of age to Cambrian, but merely because he had abandoned 
Murchison’s classification. He speaks of “such fossils as have been 
found in it by Selwyn, Hind, and myself and those of its extensions in 
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New Brunswick and Newfoundland.” It may be noted in passing that 
the rocks referred to in New Brunswick lie across the strike of the 
Meguma series and have no claim to be regarded as a continuation of it, 
and that on the east the strike of this series swings so far south as to 
clear southern Cape Breton completely; hence it is most unlikely that 
any rocks in Newfoundland so far to the northeast are continuations of 
the Meguma. This opinion of the age of the series Dawson held to the 
last; and the practice of Canadian geologists generally and of the Geo- 
logical Survey of Canada officially is to call it Lower Cambrian. Murray 
(1881, pages 534-535) noted strong resemblance to the gold-bearing 
series of Newfoundland, which is “unconformable below the Primordial,” 
-the base of which is the Aspidilla or Saint Johns slate. 

Faribault (1887, page 144) regarded the Hophyton of Selwyn as inor- 
ganic, and compared the series with the Cambrian of the eastern town- 
ships of Canada and with the rocks of the Lake of the Woods region 
studied by Lawson. Walcott (1891) thought that part may be Cam- 
brian, but much is older. Van Hise (1892) regarded Hophyton as 
organic, and hence a valid fossil, but considered the series as probably 
Algonkian. Becker (1895), upon the basis of literature, concluded that 
the series is more probably Algonkian than Cambrian. Faribault (1899) 
still called the rocks Lower Cambrian, and this practice has continued 
largely to the present. 

It will be seen from this summary that most of the writers have no 
special evidence in favor of their opinion as to the age of the series, and 
that those who do present testimony employ chiefly two classes—“fossils” 
and lithology. It is believed by the author that neither of these has been 
successful in establishing a probability of the Cambrian age of the 
Meguma, and that whatever evidence it is possible to adduce from other 
sources than these two indicates a probable pre-Cambrian age. 


HVIDENCE 
GRAPHITE 


Both the formations composing the series contain small amounts of 
graphitic material. It is rarely in distinct layers or concentrated suffi- 
ciently to have any definite shape, but is diffused in minute grains and 
scales. In many of the mining districts the Goldenville formation con- 
tains it in the darker slates. Waverley, especially parts of East Waverley, 
and Salmon river near the contact with the Devonian are examples. 

In the Halifax black slate formation above, the graphite is so widely 
distributed that no place can well be singled out. In the southeastern 
part of the Caribou gold district, Halifax county, close to the contact be- 
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tween the two formations, graphite occurs in seams up to 3 inches in 
thickness parallel with the stratification. In neither formation is it char- 
acteristic of any definite horizon. 

It appears, then, that graphite is useful in the present connection cniy 
as showing an abundance of life in some small form or forms, distributed 
throughout the time occupied by the deposition of that part of the series 
now open to view, and entombed in its argillaceous sediments, chiefly in 
the upper formation. 


LIME 


There is little limestone in the Meguma. Faribault mentions one 
horizon. At the contact between the two formations lenticular bodies. 
can be traced intermittently from the western side of Halifax harbor east- 
ward for many miles. This is the only horizon known and is thoroughly 
crystalline. 

There is a large amount of calcite in the quartzites as cement—an 
amount great enough to offer some difficulty of explanation. The quartz- 
ites are often feldspathic; but the feldspar is chiefly orthoclase, and 
plagioclases and basic lime-bearing silicates show no evidence of having 
been abundant in the rocks from which the quartzites were formed. 
Indeed, the general constitution of the latter requires acid progenitors. 
A more probable origin for this lime would be as a deposit of fine calea- 
reous detritus from invertebrates mingled with a preponderating volume 
of sand and later turned into secondary interstitial calcite. But in any 
case it has no definite value in the age problem. 


HISTORY OF RECORDED “FOSSILS” 


The record of “fossils” begins with the announcement by Hind already 
mentioned. 

“At Waverley the concretionary forms vary from half an inch to 4 inches 
in diameter. They are generally oval in shape, but sometimes round, with a 


depression in the center. Attached to some of them are numerous arms, all 
symmetrically arranged” (1869, page 62). 


Palzotrochus has long since been shown to be of inorganic origin. 

Of some forms found by Hind at Waverley, and presumably the same 
as the above, Dawson (1878, pages 82-83) gave the only specific descrip- 
tion offered for any of the “fossils” of the series and invented for them 
the name Astropolithon hindi. The frequency with which such words as 
“seem” and “appear” occur in the description indicates the uncertain 
nature of the evidence. 

The supposed land plant Eophyton, discovered by Selwyn (1872), has 
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Figure 1.—Astropolithon hindi, Brprorp, HALIFAX COUNTY 


Side view showing radial “farms.” From Provincial Museum, Halifax 


FIGURE 2.—Astropolithon hindi, BrprorD, HAaLirax County 


Surface view of a specimen without ‘arms.’ From Provincial Museum, Halifax 


ASTROPOLITHON HINDI 
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been the subject of much controversy. Dawson (1878, page 82) says of 
the markings: 


“They are of very doubtful origin, and in my judgment more akin to those 
trails of aquatic animals which I hay named Rhabdichnites.” 


Faribault (1887) appears to have regarded the form as inorganic, 
while Van Hise (1892) considered it a true fossil. In any view of the 
case it has no value for determining age. 

In 1891 (page 26) Dawson says of the series: 

“Tt has unfortunately afforded no well characterized fossils. The markings 


ealled Hophyton and certain radiating bodies (Astropolithon) found in it are, 
however, similar to those occurring elsewhere in Lower Cambrian rocks.” 


Bailey mentions (1898, page 55) on the surface of quartzite at Locke- 
port island, Shelburne county, 
“despite their highly metamorphic character, numerous well marked remains 


of Asteropolithon, the only evidence, if such they can be considered, of organic 
remains yet noticed in the Cambrian rocks of southwestern Nova Scotia.” 


PROBABLHE INORGANIC CHARACTER OF THE FOSSILS 


It is unfortunate that in these cases, as in all others of supposed fossils 
from the Meguma series with one exception, no illustrations have been 
published and no technical descriptions except the one noted from Daw- 
son. Moreover, the authors for the most part are hesitant about accept- 
ing the forms as organic, even while mentioning them as perhaps 
important. But, whether the objects referred to under the names Paleo- 
trochus, Hophyton, and Astropolithon are organic or not, they would 
appear to have no stratigraphic value, not being index or characteristic 
species or genera of any known horizons elsewhere. 

Our present knowledge of natural fractures in the rocks, purely inor- 
ganic in origin, discloses a close similarity between some of these and 
certain of the supposed fossils. The description by Dawson could well be 
appled to many individuals of the type of fracture called by Professor 
J. B. Woodworth “discoidal joints.” When it is remembered that the 
coarser strata of the Meguma series abound in cubical pyrite, the pecu- 
larities of shape and staining of some of the “fossils” may be explained, 
as well as their presence. The weathering of pyrite involves an increase 
in volume and a consequent pressure upon the surrounding rock, which 
will account for many discoidal joints, and their shapes and topographic 
characteristics will depend largely upon the texture, cohesion, and homo-~ 
geneity of the rock. 

In passing from this subject it may fairly be considered that at the 
present time the “fossils” above mentioned have failed to establish their 
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status as organic forms, even the authors who described their occurrence 
having later expressed grave doubt of their validity. 

Dawson (1878, page 83) noted the presence of Scolithus in loose blocks 
near the mouth of Saint Marys river. But this was not reported in situ, 
and the form, while more abundant in some ages than in others, is not 
characteristic, nor has it been proved to belong to any single species. 

Bailey (1898, page 46) writes regarding western Nova Scotia: 

“The only specimens we have as yet been able to obtain . . . are certain 
small circular or ovoidal pit-like depressions found in the black shale drift, in 
the vicinity of Bridgewater, in Lunenburg county, and again on the coast of 
the same county near Heckmans island. In outline they bear some resem- 
blance to brachiopods of the genus Obolella or Linnarsonia, but they are lack- 
ing in markings or other distinctive features by which their nature can be 


definitely ascertained, and for the present at least they are unavailable as 
evidence.” 


Not only this, but as yet no specific description has established their 
claim as organic remains. 


FOSSILS: MARKINGS AT GREENBANK, HALIFAX 


A few years ago Dr H..S. Poole found some forms in the slates of 
Greenbank, Halifax, which resemble annelid tracks and burrows (1903, 
page 453). ~As they have not yet been described, it is impossible to refer 
to them here in detail, but an illustration of the slab containing them is 
appended. They do not appear upon examination likely to furnish any 
index to the age of the rocks; nevertheless they are organic, and may 
stand in importance above all other forms so far attributed to the series, 
perhaps excepting Scolithus. 


CONCRETIONS * 


At many places in both formations concretions abound in the coarser 
strata. 

Hind noted them at Waverley as early as 1869 (page 20). At both 
East Waverley and West Waverley he mapped “concretionary quartz- 
ites”; but recent study of the structure of this mining district indicates 
that these can hardly be the same stratum. Of the concretions he says: 
“They frequently resemble fossil forms, and it is subsequently shown 
that this quartzite is fossiliferous.” It was from these beds that Palzo- 
trochus came; but a close examination of the concretionary horizon at 
West Waverley in 1896 and 1897 failed to disclose any organic remains 
to the author. 

South of Black point, near Liverpool, the strata hold concretions up to 


a foot in diameter, but there is no resemblance in them to distinct organic 
forms. 
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Concretions which appear at first sight of possible organic origin occur 
in the western part of the Moose River district (Woodman, 1904, page: 
24). It is unnecessary to redescribe them here, but it may be said that 
careful examination of slides failed to show the slightest organic trace. 

The slates of the Halifax formation are highly altered by contact meta- 
morphism west of the city of that name, on the shore of the harbor. As 
they were originally more varied in texture than most of the rocks of this 
group, the changes have emphasized the coarse and fine layers strongly. 
Near York redoubt, Halifax harbor, arenaceous strata abound in concre- 
tions up to the size of a hen egg, and isolated, although occurring persist- 
ently along the same beds. Finer sandy layers have smaller concretions 
closer together, often coalescing. The topography of these forms is 
varied, but in no case do they give evidence of organic origin or contents. 

The best concretions yet found in the series by the author come from 
Gays River mines, locally also called Coldstream. They lie beside a brenk 
in the horizon which marks at this place the contact of the Goldenville 
formation with the Lower Carboniferous gold-bearing conglomerate, the 
plane of their major diameters occupying the stratification planes. In ap- 
pearance they are extremely regular, thickened, circular discs, averaging 
8 to .6 by .2 inch. Hach is clearly distinct from the inclosing slate, 
differing in this and other respects from concretions elsewhere in the 
series. ‘The lamination of the rock bends around them, so that they 
stand out as eyes in the slate. Cleavage has not affected them, while ren- 
dering the adjacent layers thoroughly fissile. They are so well cemented 
as to withstand a strong perctission or compression. In color they are 
like the slate, but less greenish, and often stained copper brown from . 
iron carbonate in the overlying conglomerate. 

In the slide they appear with a comparatively clear center of quartz 
grains, coarser than in any other part of the mass. Surrounding this is 
a region of mixed quartz, calcite, kaolin, and a small amount of a grayish 
substance as yet undetermined. Outside of this is a ring, broadly ellip- 
tical in section, apparently of kaolin closely cemented by iron oxide. The 
greater ease of fracturing of the clear central part in comparison with this 
margin is noticeable. Adhering to the main concretion here and there 
are strips of the chloritic slate in which it was formed. Although appar- 
ently, when examined in the field, especially favorable as a possible rest- 
ing place of fossils, these concretions have not been shown to contain any 
organic nucleus. 

One mile south of Lower Argyle, on the west coast of the province, a 
ledge of slightly schistose quartzite beside the post-road has on its weath- 
ered surface pits which are of either concretionary or organic origin. 
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They are elliptical in outline, 2.5 to 5 inches long and 1.5 to 2.5 inches 
wide. ‘Two have a slightly raised center. No structures are visible, and 
the forms are not such as have been described before, although in some 
ways similar to the mold of “Astropolithon.” They may be concretionary, 
but the exposed surface is different from that found in weathered concre- 
tions elsewhere. They have no value as evidence at present, even though 
their appearance is more organic than that of most of the “fossils” from 
the series, and they and the concretions of Gays river are described in 
some detail, chiefly from the belief that nothing which may yield evidence 
should go unrecorded. 


LITHOLOGICAL RESEMBLANCES AND BEDDED VEINS 


Most of the lithological resemblances mentioned in literature have been 
noted already in this paper. In no case, according to the present ideas 
regarding correlation, can these likenesses be regarded as important at 
such geographical distances as have been spanned in the comparisons. 
The presence of stratified veins belongs to the same category of insuffi- 
cient evidence. They occur to some extent in many parts of the world, 
in rocks varying in their age and physical characters, and their presence 
can no more be held to indicate the age of the country rock than can the 
presence of the red color in sandstones in other regions be employed as an 
index to the age of the formations. 

Beyond these two classes of criteria—fossils and lithological resem- 
blances—few writers have ventured in their search for the age of the 
Meguma series. But there are other data available, and it is believed by 
the author that they are more valid and important. : These are chiefly 
(1) unconformities and the composition of younger rocks, (2) structure, 
and (3) accompanying igneous rocks. 


UNCONFORMITIES 


Unconformities which might be available for study are made by the 
contacts of the Meguma with various parts of the Carboniferous and with 
the Middle Devonian in the eastern part of the province, and in the Bear 
River basin of the west contacts of what has been called heretofore in 
literature Siluro-Devonian with a formation regarded by Bailey (1898) 
as part of the gold-bearing series. In the region between Torbrook on 
the west and the Avon river on the east are isolated areas at present 
considered by Messrs Fletcher and Faribault, of the Geological Survey 
of Canada, to belong chiefly to the Halifax formation, surrounded by 
strata of Silurian age. The contacts in this field have not yet been 
studied in sufficient detail to yield good evidence on the point in question. 
In the Bear River basin the lower rocks have not been proved to belong 
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to the Meguma series and present certain strong contrasts with it in 
lithology and history. 

In the east, contacts with the Ordovician and Silurian can not be had 
because of intervening rocks of Devonian and Carboniferous age. In the 
valley of Salmon river, at the eastern end of the province, Middle De- 
vonian adjoins the Meguma on the north, but the low topography gives 
no opportunities for visible contacts. As rocks containing Cambrian fos- 
sils are absent from the mainland portion of the province, it is impossible 
to work out relations between the Cambrian and the Meguma anywhere. 
Most of the remainder of the northern contact, as far west as the line of 
the Intercolonial railway, is with the Lower Carboniferous. 

This contact is best seen in the artificial exposures at Coldstream (or 
Gays River mines), Colchester county, where an auriferous conglomerate 
has been worked intermittently for many years, the only fossil gold placer 
in the province. The upper strata are conglomerates and sandstones 
forming the southern edge of a large body of Lower Carboniferous rocks 
and composed chiefly of detritus from the Meguma series. The boulders 
include quartzite, slate, and quartz, the last perhaps 10 per cent of the 
whole. The difference between the composition of the boulders and the 
matrix is very marked, the latter being largely quartz. The cements are 
carbonate of lime, carbonate of iron, and iron hydroxide. 

Gold of clastic origin is present in the conglomerate. The folding of 
the Meguma long preceded the erosion which gave the basal conglom- 
erates above, and cleavage and jointing, well developed in the older series, 
stop short at the contact. The interbedded quartz veins characteristic of 
the Goldenville formation are present and their detritus furnishes much 
of the matrix of the conglomerate. The facet made by the plane of the 
floor of the Carboniferous and that made by the present erosion surface 
of the Meguma south of the margin form an angle of only a few degrees, 
indicating comparatively slight distortion and erosion since Lower Car- 
boniferous time. 

It will thus be seen that all the great events in the history of the series 
had been enacted before the deposition of this conglomerate. 


COMPOSITION OF YOUNGHR ROCKS 


The testimony of sediments younger than the Meguma is inconclusive. 
The Carboniferous conglomerate contains much material from it, both 
igneous and sedimentary, showing that it was then in much the same con- 
dition as at present. At Salmon river the Devonian conglomerate holds 
pebbles of quartzite, often gneissoid, but no granite, according to Fari- 
bault (1887). In other places, however, the Devonian has much granite 
in its basal members. The supposed Ordovician conglomerate at Liv- 
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ingston contains nothing referable in any way to the J Meguma; nor do 
any other rocks of that age. 


COMPARATIVE STRUCTURES . 


An important line of evidence as to the age of the series relative to 
other rocks comes from a study of its structure and that of the other 
series represented in the peninsula. Most of the younger groups of rocks 
show traces of local east and west or northeast and southwest folding 
here and there. It would be surprising not to find this; for they were 
laid down upon the flanks of the Meguma, which stood as a landmass 
probably to the south, and some folding has naturally taken place roughly 
parallel with the old land; but of systematic orogenic types of any sort 
they show nothing directly comparable to that of the Meguma. 

In the region of the Salmon River lakes and West river Saint Marys, 
the Lower Carboniferous rests on both Devonian and Meguma, and holds, 
especially near its base, many boulders of quartzite from the latter; it 
shows obscure northeast anticlines. In a few places the Devonian ex- 
hibits a tendency to east and west folding, but a vague one. For the 
most part its folds are unsystematic. The most pronounced lack of agree- 
ment of the Meguma folds and those of other series is in the Ordovician. 
Some of the geological sheets of the province issued by the Geological 
Survey of Canada (documents 389 and 550) show this well. There is 
here no parallelism between the axial directions in the two systems; but 
in this part of North America deposition was not markedly discontinuous: 
from early in the Cambrian to the end of the Ordovician. Such uncon- 
formities as have been found are trifling and do not mark a hiatus suffi- 
cient to allow time for large scale orogenic disturbance. The Ordovician 
has none of the structural or lithological features that characterize the 
Meguma. ‘There are not the north and south faults nor the even east and 
west folds. 

The difference between the Ordovician and the Meguma in this respect 
is extremely important. It is not a trifling disagreement in the strike of 
the beds; it is the difference on the one hand between a type of orogeny 
characterized by remarkably persistent folds, comparable to those of the 
Jura and the Appalachians, and on the other hand an almost entire ab- 
sence of type in the Ordovician. 

Only a few periods of disturbances so severe as to warrant calling them 
mountain building can be found in this part of the country before the 
Mesozoic. The Appalachian revolution is outside the present discussion, 
as shown by the Lower Carboniferous contacts and contents. The next 
older catastrophe was the Acadian revolution, separating the Devonian 
from the Carboniferous throughout most of Acadia; but the Devonian 
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is younger than the Meguma, for it holds detritus from it, especially in 
the east. Earlier than this came the Taconic revolution, separating the 
Ordovician from the Silurian. This was moderate in the maritime 
provinces, but is shown by unconformity at the top of the Ordovician 
wherever observable. But it can not be this which effected the folding 
of the Meguma, for neither Silurian nor Ordovician reflects the type 
of folding which characterizes that series. It is true that between the 
catastrophic epochs named unconformities were made in Nova Scotia. 
These can be seen or inferred in various places between the different series 
of rocks lying north of the Meguma sediments; but they are not pro- 
found, nor can they be traced over any considerable distance, and in no 
case does either series affected by the unconformity resemble the Meguma 
in lithological or structural characteristics. 

Im all the maritime region of British North Aierica a great uncon- 
formity separates the Cambrian and pre-Cambrian wherever they are 
found in contact. This is true in the eastern townships, in New Bruns- 
wick, and in Newfoundland. The very general distribution of this un- 
conformity and the great hiatus which it represents render it probable 
that a similar break separates the Cambrian and pre-Cambrian in Nova 
Scotia, and that it is marked in this instance by the total unlikeness in 
appearance, and especially in orogeny, between the Ordovician and 
Meguma, or, to go farther afield, between the latter and the Cambrian of 
southern Cape Breton. Not only this, but the folding had been accom- 
plished in the older series before the erosion interval, and this may place 
other phenomena in the series as pre-Cambrian, such as the formation of 
the bedded veins. 


THICKNESS 


The thickness also is too great when comparison is made with any 
known Cambrian in the east. It is four times as great as any of the 
Cambrian in eastern Canada or Newfoundland, even under the liberal 
definition of the term followed by Canadian writers, and it is twice as 
great as any known Cambrian section in the United States. In southern 
New Brunswick, but a comparatively short distance away, the thickness 
of the Cambrian is slight, although all three of its main subdivisions are 
represented. It is unexpected, to say the least, to find in the midst of 
fossiliferous sections nowhere more than 6,000 feet in thickness an enor- 
mous area nearly 30,000 feet thick and almost absolutely barren, as far as 
known at present. 


INTRUSIVES 


Another line of evidence is offered by the intrusives. Except a re- 
markably small number of basic dikes, no intrusives but granites and 
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marginal diorites are known in the Meguma strata, all abyssal and ex- 
hibiting no tendency to become rhyolitic. None of the younger rocks are 
thus characterized. The lavas of the Cambrian in Cape Breton are 
basaltic. The Ordovician has much contemporaneous volcanic material, 
largely basic, the most acid being a few syenites and aporhyolites and not 
granites. The Silurian in the eastern part of the province has a noticeable 
lack of intrusives, the chief ones being a narrow coast belt west of Malig- 
nant cove, and in the west the so-called diorites, regarded as originating 
in the great western bysmalith of Meguma granite. In the east the intru- 
sives of the Devonian are chiefly basic. The Carboniferous is relatively 
free from igneous rocks, most of those that do occur lying near the mar- 
gin of Silurian, Devonian, and Ordovician areas and possibly associated 
with the igneous masses in those strata. 

Thus it appears that none of the rocks of known Paleozoic age in the 
province have passed through the same or a comparable history of inva- 
sion from molten matter as the Meguma. The pre-Cambrian of southern 
Cape Breton contains an abundance of rhyolitic material, affording the 
nearest approach to the igneous history of the Meguma shown by any of 
the Nova Scotian series. 


CORRELATION WITH OTHER GROUPS 


Correlation of the Meguma series, direct or implied, has been made 
with the Saint John River slates of New Brunswick and eastern Maine, 
with several other unfossiliferous slate and sandstone belts of Maine and 
New Hampshire, with the Taconic of the Green mountains in New Eng- 
land and New York, with the gold-bearing slates of North Carolina, with 
the gold-bearing pre-Cambrian of Newfoundland, with similar slates and 
sandstones in the eastern townships of Canada, and with several British 
formations. 

It may appear presumptuous to criticise such correlations without hav- 
ing seen in the field all the rocks compared, but certain safe conclusions 
can be drawn from general principles. In the first place, the age of some 
of the series has not yet been determined, through the absence of just 
such evidence as is needed in the Meguma; others have been classed as 
young as the Carboniferous. In the second place, thus far all correlation 
has been on two bases, neither of which can be regarded as adequate— 
similar position with reference to rocks of known age and similar litho- 
logical character. The first has no force, from the indefinite position of 
the Meguma itself. The second is invalid because of the great distances 
over which it has been obliged to do duty. The conditions under which 
strata similar to those of the Meguma might form are so easily repeated 
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in nature that general lithological resemblances should be used sparingly. 
They are unsafe, even within the Meguma series, and are really available 
only where the gap or unknown area is short. The nearest of the correl- 
ative series is many miles away; and without data now unobtainable, 
such as exactly similar stratigraphic relations and fossil remains, the 
Meguma should not at present be correlated, even aoaenly with any other 
known series of rocks. 


CoNCLUSIONS 


It is evident from Dawson’s statement in 1878 that he had not for 
many years, if ever, regarded the Meguma series as really Silurian. Few 
have done so at any time, according to the present understanding of the 
limits of the Silurian, and in recent references among students of the 
field the series has been labeled Lower Cambrian. What tangible evi- 
dence there is upon which this opinion is based, it is difficult to discover. 
A few doubtful markings in the rocks, a resemblance to certain other 
rocks thought by the authors to be Cambrian, but in part of unknown 
age, an indefinite position below the adjacent Silurian and Devonian— 
these are the inadequate grounds for this judgment. With the excep- 
tion of a few American authors, writers appear merely to have followed 
the lead of earlier ones, and no new evidence has been offered in support 
of the opinion expressed. 

The conclusion here reached, from the evidence at present at hand, i 
that the Meguma series is probably pre-Cambrian. All the data appear 
to lead to this; and while one or another of them is inconclusive by itself, 
the evidence is cumulative and, along the line of structures and intru- 
sions, measurably direct. Moreover, from the characteristics of the Ordo- 
vician it appears probable that the main chapters in the structural his- 
tory of the series—namely, the folding and doming and the formation of 
the interbedded veins—were enacted in the interval before the Ordo- 
vician, and are thus at least as ancient as the Cambrian. 
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INTRODUCTION 


Even during the progress of a campaign, when complete information is 
necessarily unattainable, it is well to assemble facts and probabilities in 
an orderly manner, and to make a review of the situation as a guide to 
further action. It is as yet far too early to pronounce finally upon the 
part which radioactivity will eventually play in cosmogonic theories, but 
not too early to consider the bearmg of recent discoveries on the genesis 
and past history of the globe. Since geologists to whom this paper is 
addressed can not be expected to be very familiar with radioactivity, I 
shall first make an attempt to sketch in outline such features of that 
subject as seem to me of especial interest to us; next I shall try to show 
under what conditions radioactive substances can come into existence, and 
finally discuss the geological effects which may be expected from them. 


OUTLINE OF RADIOACTIVITY 


Investigations in radioactivity have developed out of the study of the 
cathode rays and the Roentgen rays, the properties of which amazed the 


1 Manuscript received by the Secretary of the Society April -1, 1908. 
This paper was not read at the meeting or presented by title, but was offered for 
publication and accepted by a unanimous vote of the Publication Committee. 
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world a dozen years ago. They were studied on the theoretical side by 
Mr Lorentz and Mr Larmor, and on the experimental as well as the 
theoretical side by Mr J. J. Thomson. These investigations have estab- 
lished that the atom is in fact extremely complex, consisting of corpuscles 
or electrons, which seem to have a constant mass from whatever substance 
they may be produced, this mass being about the one-thousandth part of 
that of an atom of hydrogen. The electrons always carry a negative 
charge of electricity. In an electrically neutral atom the electrons are in 
rapid, gyratory motion, the details of which are at least as complex as 
those of the planets in the solar system, and they are held together by a 
positive electric charge equal to the sum of the negative charges carried 
by the electrons. The electrons seem to have the same mass and charge 
as ions and to be identical with them.’ 

This electronic theory of matter, which rests on a solid basis of experi- 
ment, almost implies the possibility of disintegrating atoms. To provide 
for atomic stability the electrons in the atom must describe orbits such 
that the system is absolutely conservative, losing no energy whatever. 
The smallest dissipation of energy must eventually lead to disruption. 

In pursuing the study of the Roentgen rays the famous French physi- 
cist, Mr Henri Becquerel, accidentally discovered a new species of rays 
known by his name. The effect produced by the Becquerel rays is radio- 
activity. He made this discovery in experimenting with pitchblende, or 
impure uraninite, and at his suggestion the properties of this mineral 
were investigated by Mr and Mrs Curie, who detected in it the new 
element radium. 

They found that this element was present in very minute amounts in 
pitchblende, and that it emitted Becquerel rays in vastly greater quanti- 
ties than pitchblende or than uranium. This emission proved to be an 
atomic property, depending, not on the state of combination, but solely 
on the amount of the element present. With Laborde, Mrs Curie showed 3 
that radium is continuously losing energy at an astonishing rate, so that 
one gram of radium would spontaneously raise the temperature of 100 
grams of water one degree in one hour. Here, then, is an actual case of 
an unstable atom undergoing resolution into something else, and there- 
fore into at least two other atoms. In 1902 Messrs Rutherford and 
Soddy * suggested that helium might be one of the products, and in 1903 
Messrs Ramsay and Soddy® demonstrated that helium was given off by 


2J. J. Thomson: Electricity and matter, 1904. 

3 Comptes Rendus, vol. 136, 1903, p. 673. 

‘B®. Rutherford: Radioactive transformation, 1906, p. 181. This work has been my 
main authority in the preparation of these notes. 

> Nature, vol. 68, 1903, p. 246. 
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radium bromide, thus for the first time proving the actual derivation of 
one element from another. Mrs Curie and Mr Dewar ° made confirmatory 
experiments on radium chloride fused and sealed in a quartz glass tube. 
Helium was also shown by Mr Debierne“ to be one of the products of 
the activity of actinium. 

It was found that a series of different but analogous radioactive sub- 
stances results from the breaking up of the radium atom, and the constant 
association of radium with uranium suggested that radium itself forms at 
the expense of uranium. These facts led Messrs Rutherford and Soddy 
in 1902 to their disintegration theory,* according to which “it is sup- 
posed that the atoms of radioactive bodies are unstable, and that a certain 
fixed proportion of them become unstable every second and break up with 
explosive violence, accompanied in general by the expulsion of particles.” 
Of these the most important are called a particles and are regarded by 
most investigators as molecules of helium. They are expelled at tremen- 
dous velocities, the maximum being approximately 20,000 kilometers per 
second, about one-fifteenth of the velocity of light. Less important are 
the so-called 8 particles, which are electrons and have only about a four- 
thousandth part of the mass of the aparticles. They are emitted only 
by certain of the radioactive substances and have a velocity in some cases 
approaching that of light, but in spite of their velocity they possess far 
less energy than the helium atoms because of their minute mass. These 
B particles are identical with those which compose cathode rays. Of 
relatively small importance are the y rays emitted by some radioactive 
substances. They are believed to be irregular disturbances of the ether 
identical in character with the Roentgen rays. 

The heating effect produced by radioactive substances is almost entirely 
due to the dissipation of the energy of the a particles moving at the 
immense velocities already indicated. The excess of temperature of 
radium compounds above that of surrounding objects is a consequence of 
the arrest by other portions of the mass of a particles set free within the 
salt. The energy liberated by radioactive processes is of a wholly differ- 
ent order of magnitude from that of ordinary chemical reactions. Thus 
the transformation of radium emanation is: accompanied by nearly 4 
million times as much heat as is given out by an equal volume of hydrogen 
and oxygen combining to form water. 

The disintegration theory implies that there is a long series of products 
whose general formula might be written U—n He, where n is a whole 


6 Comptes Rendus, vol. 138, 1904, p. 190. 
7 Comptes Rendus, vol. 141, 1905, p. 383. 
8. Rutherford: Radioactive transformation, 1906, p. 14, 
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number. Now the atomic weight of uranium is 238.5, the highest known, 
while that of helium is 4; so that if n= 3, the atomic weight would be 
226.5. Mrs Curie’s latest determination of the atomic weight of radium 
is 226.45; so that radium fits perfectly into the theoretical series. 

In uranium minerals radium, helium, and lead are always found 
together, and Mr Boltwood ® suggested that lead was probably the stable, 
or relatively stable, end member of the series. If so, its atomic weight 
should be 206.5. It is really 206.9; but this small discrepancy may well 
be due to lack of precision in the atomic weight of helium, which is only 
inferred from its density. Very possibly it may be found that the best 
way of determining the atomic weight of helium is to divide the difference 
between the atomic weights of uranium and lead by 8, which would give 
He = 3.95. Lead has not yet been isolated from radium in appreciable 
quantities, but this is probably only because the quantity of radium itself 
available for experiment is almost infinitesimal. 

According to the theory, there should be two radioactive substances 
yielding a particles intermediate between U and Ra and 4 between Ra 
and Pb. Just four products capable of emitting a particles are already 
known between Ra and Pb, but they have not been produced in sufficient 
quantities and pure enough to permit atomic weight determinations. 
Only one member between U and Ra has yet been discovered, and this, 
called ionium, was detected during the summer of 1907 by Mr. Boltwood. 
It is believed to be the immediate parent of radium or U—2He. The 
missing link is represented by “uranium X”, which emits f particles 
and y rays, but noa particles capable of detection by present methods. 
It is considered probable that a particles may be given off from this sub- 
stance, but at a velocity so low as not to ionize the gases through which 
they pass. In that case they would fail to affect the electrometer, which 
is the instrument employed to detect their presence. 

The several members of the uranium lead series emit a particles at 
different characteristic velocities and their activities decay at different 
characteristic rates. The law of decay of any one of them is assuredly 
exponential, and observation tends to show that it is the simplest possible 
exponential ; so that if J, is the activity at time ¢, and J, the activity at 
the epoch from which time is counted, while A is a constant, 

_ At 
I, = Ih. 
Here 2 has a particular value for each radioactive substance. It follows 
that when 


t = log 2/A = 0.6932 /A 


® Philosophical Magazine, vol. 9, 1905, p. 613. 
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the original activity is reduced to one-half and the time of reduction to 
this “half value” is conveniently used to define and identify the several 
substances.7° For radium the half-value period is about 1,300 years, but 
for uranium it is computed at no less than 1,000 million years, and one 
of the products of the disintegration of radium (radium A) has a half 
value period of only 3 minutes. 

The law of decay also leads to the conclusion that in the spontaneous 
decay of uranium a condition of radioactive equilibrium must eventually 
be reached in which each component radioactive substance decays just as 
fast as it is replenished. Considering helium and lead as the stable end 
products of the process of degeneration, Mr Rutherford points out that 
this should afford a means of determining the age of minerals. Helium 
indeed might escape in some cases, but he thinks lead would accumulate 
and afford an accurate measure of time. Mr Boltwood has more recently 
discussed a number of analyses on this basis, showing that the ratio of 
metallic lead to metallic uranium in a mineral multiplied by 10 million 
should give the age in years approximately. This hypothesis of course 
assumes that the law of decay is a true law of nature, not an approxima- 
tion; that no chemical or physical conditions modify it, and that the 
mineral has been subject to no external attack by which either lead or 
uranium could be removed. It makes the further assumption that no 
lead compounds were soluble in the solutions from which uranium min- 
erals were deposited. I shall be obliged to recur to this subject. 

Besides the uranium series, there are two other series of radioactive 
minerals the properties of which are less fully investigated. Thorium 
compounds, as Mrs Curie discovered, are radioactive and emit a particles 
which appear to have the same mass as the helium atoms expelled by 
radium.’* | The other end product of thorium degeneration is not cer- 
tainly known, but the difference between the atomic weights of thorium 
and bismuth is just 24, which suggests that Bi-+ He*=Th. If so, 
however, there is one undiscovered step in the process. Actinium also 
yields products which emit a particles, but the atomic weight of actinium 
is unknown. It is thought that it may be a sort of collateral descendant 
of uranium. ; 


10 The average life of a radioactive product is 


ao 
—At 
5, © dt =1/A = 1.443 & half-value period, 


Mr R. J. Strutt has recently described a mineral from Greenland which contains 
much thorium, but only a trace of radium, and gives off large quantities of helium. 
Chemical News, November 29, 1907, 
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All three groups of radioactive bodies include remarkable substances, 
called emanations, which are of very great importance from the geo- 
logical point of view. They are all gases which diffuse slowly into air 
and obey the ordinary laws of gases. They are known as radium emana- 
tion, thorium emanation, and actinium emanation. ‘These gases are not 
acted on to an appreciable extent by any chemical or physical agent, and 
Messrs Rutherford and Soddy have subjected radium and thorium 
emanations to treatment such that no gas excepting one of the argon- 
helium family could possibly have survived. 

The three emanations thus belong to the group of inert gases, which 
also includes xenon, krypton, argon, neon, and helium, so that in all 
there are eight members of the group. According to the disintegration 
theory, all the emanations degenerate by losing successive atoms of 
helium and only in this manner. The analogies expressed by the periodic 
law, on the other hand, would lead to the expectation either that there 
should be other heavy imert gases, as yet unknown, which would break 
down by shedding off neon and argon,’* or, as an alternative, that the 
known emanations should under certain conditions emit molecules of 
neon and argon. The former of these hypotheses would seem a priori 
less probable than the second, for no group is yet known to contain more 
than nine elements, while eight imert gases have already been discovered. 
On the other hand, the supposition that the emanations may emit other 
light inert gases besides helium would rob the theory of radioactivity of 
its wonderful simplicity. It could no longer be maintained that radio- 
activity proceeded irrespective of chemical or physical environment. 

Now Mr A. T. Cameron and Sir William Ramsay * have recently 
published papers the conclusions of which are very novel and will not be 
generally accepted in toto until confirmed by others. They reach results 
of two kinds. They incline to believe that they have isolated lithium, 
and perhaps sodium, from copper salts by radioactive processes, and 
this is the conclusion which has attracted most attention. To me it 
seems less fundamentally important and interesting than their unqualified 
assertion that under certain conditions argon and neon result from the 
degradation of radium emanation. When the emanation is dissolved in 
water they state that it yields almost exclusively neon, as its gaseous 
educt, while when a copper salt is simultaneously present in the solution, 
argon is the main product. As every one knows, Sir William was not 


“e Mr R. J. Strutt regards it as possible that all the light inert gases have been pro- 
duced by degeneration, but that only those which produce helium now survive. The 
Becquerel rays and the properties of radium, 1904, p. 174. 

18 Journal of the Chemical Society, vol. 91, 1907, p. 1593. 
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only Lord Rayleigh’s collaborator in the discovery of argon, but by him- 
self identified terrestrial helium, and, with Mr Travers as collaborator, 
discovered neon, krypton, and xenon. With Mr Soddy, he was also the 
first to demonstrate that radium emits helium. By the methods which 
he developed the detection of neon and argon is not a matter of serious 
difficulty, and when he tells us that from water treated with radium ema- 
nation he got an uncondensable gas which gave a brilliant neon spectrum 
in which every lne was identified by comparison with a vacuum tube 
containing atmospheric neon, there seems to be no room for doubt. 
These chemists confirm once more the fact that radium emanation in an 
otherwise vacuous vessel, or when mixed with oxygen and hydrogen 
gases, yields helium as one of its products. 

If argon and neon are produced under the conditions just mentioned, 
it would appear either that the a particles are of various kinds, according 
to circumstances, or that they are something different from molecules of 
the gaseous products. Messrs Cameron and Ramsay incline to the latter 
hypothesis, and suggest that the degradation of molecules of emanation 
is due to their bombardment by a particles, the disintegration being 
most complete and yielding helium under the simplest conditions, but 
less complete in the presence of water or copper salts, so that then heavier 
inert gases, argon and neon, result. This would leave the true nature of 
the a particles an open question. From its density and its probable 
position in the periodic series, Sir William thinks that radium emana- 
tion should be assigned an atomic weight of approximately 216.5.7° 

Another surprising feature of their investigation is a redetermination 
of the average life of radium from three experiments on the volume of 
emanation set free by radium bromide and radium sulphate. Their 
result is 236 years,'® while Mr Rutherford, by a less direct method, 
obtained no less than 1,800 years. 

It appears then that much remains to be done before even so brief a 
sketch of radioactivity as is here presented can be drawn without includ- 
ing uncertain features. Thus, for the present purpose, it must be con- 
sidered how far facts of radioactivity which are undoubted bear upon 
geology. No one questions the enormous energy of radioactive transfor- 
mations, which is also readily explained by the electronic theory of the 
atom, while the dissemination of radioactive substances in nature makes 


144Jn this connection it is interesting to remember that the gases of the hot springs 
of Bath contain neon, the proportion of this gas being much greater than in the atmos- 
phere. 4 : 

15 Journal of the Chemical Society, vol. 91, 1907, p. 931. 

18 Journal of the Chemical Society, vol. 91, 1907, p. 1282, 
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it essential for the geologist to reckon with the contribution to terrestrial 
heat which the dissipation of this energy involves. 

Again, the gaseous’ nature of the emanations is indubitable, as well as 
that they are soluble in water, and thus a means is provided of transfer- 
ring radioactivity from one geological formation to another almost 
without limit. The disintegration theory in its present shape can only 
be accepted with reserve until it is shown that Sir William Ramsay’s 
neon and argon were not of radioactive origin, and the method which 
the disintegration theory affords of determining the age of minerals must 
be cautiously applied under checks by other methods. It seems highly 
probable that the “mineralizing” action of radioactive substances will be 
found extremely important, both in ore deposits and among a certain 
class of rocks. 


ORIGIN OF URANIUM AND THORIUM 


The discovery of radium surprised the world, but professional chemists 
were astonished rather at the special properties of the “element” than at 
the instability of an atom. It was, to be sure, pretty generally supposed 
by those who were without special knowledge of chemistry that the so- 
called elements were independent entities, but from the days of Lavoisier 
and Dalton philosophical chemists have declined to pin their faith to this 
idea. Lavoisier himself was familiar with “radicles,” or groups of atoms, 
which enter into combination as if they were simple substances. Ammo- 
nium, the amids, and cyanogen are familiar examples; indeed, among 
organic substances compound radicles are not the exception, but the rule. 
If elements could combine to groups which behaved like simple sub- 
stances, it necessarily followed that the chemical relations of elements 
were not distinctive, and that substances as yet unresolved might prove 
complex. The idea of a fundamental relationship among the elements 
first gained prominence in 1815, through Prout’s hypothesis, namely, that 
all the atomic weights were multiples of that of hydrogen, which almost 
amounted to assuming that hydrogen was Roger Bacon’s “protyle,” *“ 
Urstoff, the one truly simple substance. Many of the great series of 
atomic weight determinations made during the first half of the nmeteenth 
century were undertaken with the express purpose of testing Prout’s 
hypothesis. They disproved it, but the idea of a protyle did not die. In 
1851 J. Dumas*® boldly asserted his belief in the transmutability of 


This term was revived by Sir William Crookes. Proceedings of the Royal Institu- 
tion, 1887, vol. 12, p. 37. 

18 An address delivered at the Ipswich meeting of the British Association for the 
Advancement of Science, but not included in the report. See American Journal of Sci- 
ence, vol. 12, 1851, p. 275. 
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metals and metalloids, basing his opinion largely upon the analogous 
character of triads and other groups of elements. The hypothesis was 
not unfavorably received by Faraday, Grove, and W. R. Gladstone, who 
partook in the discussion. 

Various attempts at grouping the elements finally resulted in Mende- 
léef’s famous periodic law (1869), which enabled its author successfully 
to predict the properties of unknown elements (gallium, scandium, ger- 
manium) and is now everywhere received as expressing true relationships 
between their various fundamental properties. Such relationships would 
of course be inconceivable, were the “simple substances” totally inde- 
pendent entities. 

Great attention has been excited by Sir Norman Lockyer’s hypothesis, 
published in December, 1873. He suggested that the elements might be 
dissociated by heat. “On this working hypothesis,” he writes, “the so- 
called elements not present in the reversing layer of a star will be in 
course of formation in the coronal atmosphere and in course of destruc- 
tion as their vapor density carries them down.” His hypothesis supposes 
the original atoms of which a star is composed to be possessed of the 
additional potential energy of combination, or that they are endothermic 
compounds, and he points out that the liberation of this energy through 
dissociation would prolong the period during which the star would give 
light." Lockyer thus begins nebular history with complex atoms. He 
made no attempt to explain under what conditions they were formed or 
whence they derived their internal energy. His hypothesis has always 
aroused interest, but, as C. A. Young put it, “is encumbered with great 
difficulties and has not yet been accepted by physicists and chemists.” 

In January, 1873, nearly a year before Sir Norman Lockyer’s lecture, 
Mr F. W. Clarke was daring enough to suggest the possibility of the 
evolution of elements. “We do not know but that the evolution of one 
element from another may be possible,” he wrote. “These elements which 
seem today so diverse in character may be, after all, one in essence. 
Upon this theory the planets should contain more elements than the sun; 
the sun more than some of the more advanced among the fixed stars, and 
these in turn should be more highly organized than the nebule.” 2° Mr 
Clarke’s hypothesis has not attracted much notice, but it is entirely in 
line with modern results. Thus Mr J. J. Thomson, in his Silliman lec- 
tures, 1904, said in discussing the electronic theory of matter: 


19 Nature, vol. 9, 1894, pp. 411 and 429. Philosophical Transactions, vol. 164, 1874, 
p. 492. 

*» Popular Science Monthly, vol. 2, 1873, p. 320. For this paper Clarke was roundly 
denounced by a distinguished analyst, being classed with dreamers and speculators like 
Charles Darwin. American Association for the Advancement of Science, 1874, p. 13. 
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“Tf we regard the systems containing different numbers of units as corre- 
sponding to the different chemical elements, then as the universe gets older 
elements of higher and higher atomic weight may be expected to appear. 
Their appearance, however, will not involve the annihilation of the elements 
of lower atomic weight.’ 


Since 1873, as every one knows, great strides have been made in celes- 
tial spectroscopy, largely in consequence of Rowland’s invention of con- 
cave gratings. It is therefore interesting to inquire the bearing of our 
present knowledge of the distribution of elements on the hypothesis of 
their evolution. It has occurred to me that the information available 
can be most instructively and compendiously conveyed by the help of the 
periodic system, as in the following table, where the cosmic distribution 
of the elements, arranged according to Mendeléef’s classification, is indi- 
cated by typographical devices: 


Classification of the Elements by the periodic System and their cosmic Distribution 
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All of the elements whose symbols are accented occur in the sun; those 
whose symbols have two accents have been detected in the stars of the Sirian 
class or the helium class. Three accents indicate components of nebulze. The 
elements whose symbols are followed by a hyphen are found in meteorites. 


A few comments must be made on the sources of information recorded in 
the table. In the gaseous nebula only helium, hydrogen, and nebelium have 
been detected. This last is a gas unknown on earth or in the stars, but is 
believed to be heavier than hydrogen (A. M. Clerke: Problems of astrophysics, 
p. 476). The list of elements in the helium stars and hydrogen stars includes 


21 Hlectricity and matter, 1904, p. 103. 
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all those which Miss Clerke regarded as well established, but chromium and 
nickel are perhaps present (ibid., p. 198). The identification of the solar ele- 
ments rests chiefly on Rowland’s great table of the solar spectrum, 1895 to 
1897. In 1891 Rowland published a preliminary table (Johns Hopkins Uni- 
versity circular) containing most of the elements enumerated in this paper. 
In the six succeeding years he was able to add only two, namely, platinum 
and ruthenium. Of these, platinum is represented by only one line 
(2,923.180), which it shares with cerium, and this seems to me insufficient evi- 
dence of platinum in the sun; but ruthenium has five lines, of which one is 
doubtful. Columbium (or niobium) appeared in the first list, but in the great 
table is represented by a single doubtful line with a wave length of 4,232.111, 
and I have left it out. Rowland photographed the spectrum of every element 
known in 1895 for comparison with the solar spectrum, excepting gallium, of 
which he had no specimen, and he failed to find even a doubtful trace of 
uranium or thorium. Mr P. G. Nutting has also been good enough to compare 
for me Hxner and Haschek’s table of the spectrum of uranium with a 30-foot 
reproduction of the solar spectrum, and finds no evidence of its existence. 
Rowland also found erbium and neodymium in the sun, but they do not appear 
in the table because their position in the periodic system is uncertain. Row- 
land did not include nitrogen in his lists, but seems to have agreed with other 
spectroscopists that the solar carbon lines are due to cyanogen. These lines 
consequently prove nitrogen just as well as carbon (Kayser and Runge, 
Wiedemann’s Annalen, vol. 38, 1889, p. 80). Since Rowland’s labors closed, 
gallium has been found in the solar spectrum by Messrs Hartley and Ramage, 
the presence of oxygen was established by Messrs Runge and Paschen, and 
Sir William Ramsay has identified helium in clevite. Very lately the rare 
element, europium, has been identified by Mr J. Lunt (Proceedings of the 
Royal Society, series A, vol. 79, 1907, p. 118). Coronium has also been iden- 
tified in the corona of the sun (Astrophysical Journal, vol. 10, 1899, p. 306), 
and is believed to be a very light inert gas. It is unknown on earth or in the 
stars. The list of elements in meteors is that given by Sir Archibald Geikie, 
with the addition of helium (Young’s Astronomy). Some other simple sub- 
stances (lead, silver, gallium) have been announced as determinable spec- 
troscopically in meteorites, but spectroscopic traces in an accessible substance 
do not seem comparable with stellar constituents observed under conditions 
of very much greater difficulty. 

Rowland’s determinations of wave lengths have been shown by Mr Kayser 
to be less accurate than he supposed them (Philosophical Magazine, vol. &, 
1904, p. 568), but his identifications of the elements in the sun were made by 
direct comparison between photographs of the solar spectrum and of the 
spectra of the elements, and will presumably prove correct. 


In the nebula only helium, hydrogen, and nebulium have been identi- 
fied. Nebulum which in the earlier days of spectroscopy was confounded 
with nitrogen, does not appear in the table, because it has not been found 
on earth and its place in the periodic system is unknown. The nebula 
very likely contain other elements besides the three just mentioned, but 
the nebulz are excessively tenuous bodies and must also be extremely 
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cold, so that the simplicity of their spectra is not surprising.” Their 
luminosity is really as small as it appears, and few of them would be 
visible to the human eye, even if they were as close to us as the moon is. 
Langley determined the luminosity of the Owl nebula at a four-millionth 
part of that of white-hot iron. The origin of their light is uncertain. 
The glow may be due to electrical discharges, and thus analogous to the 
light produced in highly exhausted tubes of hydrogen at the temperature 
of liquid air, or possibly it is some unknown variety of phosphorescence. 
Though from association we incline to infer a high temperature when 
luminosity makes its appearance, the aurora of the Arctic night affords 
an instance of a glow vastly brighter than that of any nebula, and at the 
very low temperature which prevails at altitudes of some 34 miles. 
There is no proof that the gaseous nebule are devoid of solid matter, 
while it is strongly suspected that the white nebule do contain solids. 

There does not seem to be the least doubt that stars are developed 
from nebule. The “helium” stars often have nebulous appurtenances 
and show significant spectral relations to the gaseous nebule,. Helium 
stars pass by the finest gradations into hydrogen stars of the Sirian type, 
and these again into solar stars.”* 

In the table the known components of helium and Sirian stars, other 
than helium and hydrogen, are marked by two accents, and it is interest- 
ing to observe their distribution with reference to the periodic law. Ifa 
straight line be drawn from barium to iron, not a single element below 
the line is found in nebule or the two groups of stars, and of all the 
elements identified in these celestial bodies barium has the highest atomic 
weight (137.4). About a third of the elements in or above this line are 
found in these stars. Doubtless more stellar elements will be detected as 
spectroscopic research advances, but it seems probable that the additionat 
elements will have atomic weights below that of barium rather than 
above it. 

The chief components of the sun are shown in the table by one or 
more accents. A few rare earths detected in its spectrum are omitted 
because their positions in the periodic law are as yet unknown. It is 
highly probable that some of the metalloids, as sulphur and chlorine, may 
exist in the sun, although they are not spectroscopically evident. Even in 
the laboratory the spectra of the metalloids are very much obscured when 
metals are present in abundance. Of the 13 elements included in the last 
three series of the table, lead ** alone is certainly found in the sun. The 


22 Cf. A. M. Clerke: Problems of astrophysics, 1903, p. 535. 

23 A. M. Clerke: Problems of astrophysics, 1903, p. 272. 

24In Rowland’s list of 1891 lead had but one line. In the great table, however, it 
has two unquestioned lines and two questionable ones. 
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presence of helium and lead, considered in connection with the absence of 
uranium, is extremely suggestive. 

Meteors bring to the earth matter most of which, at all events, belongs 
to the solar system; it is in part of cometary origin and in all probability 
resembles the raw material of which the earth is built up. In the table 
the elements identified gravimetrically in meteorites are indicated by 
hyphens. Of these a few are not found in the sun or stars, namely, 
phosphorus, sulphur, chlorine, arsenic, antimony, and lithium. Meteor- 
ites must reach the sun, and the absence of lithium lines from the solar 
spectrum is surprising. Many of the elements of high atomic weight are 
also absent from the meteorites, or are present in quantities so small as to 
escape chemical analysis—all of those, in fact, whose atomic weights 
exceed those of antimony (120). 

The plausibility of the evolution hypothesis is increased rather than 
diminished by the spectroscopic investigations of the last 35 years, and 
the relations of the cosmic distribution of elements to the periodic law 
add force to the suggestion. There is room in the table for just one very 
light, inert, or nullivalent element with an atomic weight below that of 
hydrogen. Possibly this protylic gas may be coronium. Assuming its 
existence, the facts known seem to point to an orderly and gradual devel- 
opment of members of the higher groups and the higher series. 

The results of the electronic theory of matter add greatly to the force 
of the suggestion, as is apparent from the conclusion of Mr J. J. Thomson 
quoted above. Z 

Radioactive phenomena strengthen the evidence immensely. Since it 
is now an established fact that some atoms can be resolved into at least 
two others, it can not be denied that under appropriate conditions the 
process might be reversed. This is recognized by Mr Rutherford, who 
considers it reasonable to suppose that under some circumstances heavy 
atoms were built up from the lighter and more elementary substances.?° 

These several lines of evidence shift the burden of proof from those 
who maintained the probability of evolution to the shoulders of those who 
deny it. Uranium and thorium have not been detected in the stars or the 
sun, even with the most powerful modern apparatus and under special 
scrutiny ; yet in the sun numerous allied elements very rare on the earth 
have been identified, including cerium, lanthanum, neodymium, erbium, 
and europium. It seems highly improbable that if uranium and thorium 
existed in any quantity in the sun their spectra should fail to appear. 
When the reasonableness of the evolution hypothesis is considered, this 


% Radioactive transformations, p. 194. 
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evidence of the absence of the radioactive elements from the sun is not 
merely negative. The probabilities are that these elements are built up, 
say from lead and helium, only in cooling stars or in planetary masses. 

If uranium is assumed to be present in the stars and nebule, the mys- 
tery of the universe is portentously increased. Regarding uranium as 
compounded of lead and helium, it is substantially inevitable to suppose 
that it was formed under conditions in which it was stable. The only 
alternative is to imagine it an evanescent product of the spontaneous 
decomposition of still heavier atoms and then it must be assumed that 
these were stable. Now Pb.He, is an endothermic compound and almost 
incomparably more endothermic than any other except its fellow-members 
of the radioactive group. Its genesis, therefore, was accompanied by the 
absorption of a vast amount of energy locally concentrated and thus of 
great intensity. The cold and tenuous, gaseous nebule, whose density is 
less than that of the best laboratory vacuum, afford no mechanism for 
such a process. Uranium in the nebule would pomt to a precedent con- 
densation, to a regeneration of the nebulous state from an aged solar 
system, such as was imagined by Immanuel Kant.2* But such a process 
stands in conflict with the second law of dynamics and implies that the 
system is a perpetwum mobile. Only the discovery of fundamental laws 
of physics of which there is as yet no inkling would suffice to explain the 
presence of uranium in nebule. 

It is the effort of science to reduce the facts of nature to their simplest 
expression. ‘From the earliest times there has been a tendency to regard 
varieties of matter as derivative,” 7" and to seek their origin in an undif- 
ferentiated protylic substance or Urstoff, as Kant called it. It is hardly 
possible to think of a truly primitive nebula otherwise than as composed 
of protyle. From the modern point of view, the atoms of this substance 
would be the simplest systems of corpuscles capable of stable equilibrium, 
and it is not impossible that coronium satisfies this definition. 

There is thus, so far as I can see, neither direct evidence that the sun 
is a radioactive body, nor is the hypothesis that it is radioactive inherently 
probable. There is also very little evidence that the meteors are radio- 
active. Mr L. J. Strutt °* found substantially no radioactivity in sider- 
ites. Some of the stony meteorites show activity, but they are not known 
to contain uranium and thorium minerals and may well have acquired 
their activity from terrestrial emanations. 

On earth the crystallized uranium and thorium minerals are confined, 
so far as is known, to the pegmatitic modifications of the granitic and 


*6 Kant’s Werke, Ilartenstein, Leipzig, vol. 1, 1868, p. 302. 
7 A. M. Clerke: Modern cosmogonies, 1905, p. 148. 
25 Proceedings of the Royal Society, series A, vol. 77, 1906, p. 472. 
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syenitic rocks. The pitchblende of ore veins is not crystallized and is in 
all probability derived from the pegmatites by a secondary process. No 
andesites, basalts, peridotites, etcetera, have been found to carry uranium 
in weighable quantities, and there is much evidence that when freshly 
erupted they are not considerably radioactive.2® Old ejecta, especially 
when porous, seem quite as active as average superficial rocks. That 
mediosilicic and subsilicic rocks at or near the surface of the earth and 
overlying or adjoining granitic rocks should acquire radioactivity from 
emanations and solutions is entirely intelligible. 

Since uranium must have been stable when the minerals of which it ?s 
a chief component crystallized, the genesis of uranium must be possible 
under the conditions which accompany the formation of pegmatites. 
Now of these we know something. At a pressure of one atmosphere, 
silica crystallizes as quartz only below 800° centrigrade, as was shown 
by Messrs Day and Shepherd,®*® and Mr Miigge ** has recently demon- 
strated by a new and brilliant method that the dihexahedral quartz of 
pegmatites could form under ordinary pressure only above 570° centi- 
grade. Facts presented by Mr Brogger also show that granitic and 
syenitic rocks have formed in many cases at depths of only a few hun- 
dred meters from the surface,** and in any case the granitic massives, 
with their effusive modifications, being the least dense of rocks, are rela- 
tively superficial. These data would indicate that at temperatures of 
less than 1000° combined with pressures of a hundred or more kilograms 
per square centimeter, uranium might form under proper chemical con- 
ditions. It may therefore yet prove possible to combine lead and helium 
in bombs, even though neither high temperatures nor great pressures 
alone suffice to arrest the disintegration of radioactive substances. The 
attempt should be made.** 


RADIOACTIVITY AND THE HARTH’s AGE 


Much the most important aspect of radioactivity is its bearing on the 
age of the earth. It is very plausibly held that the observed increment 
in underground temperatures must be due in part, and may be due in 


2 Nasini and Levi: Accad. Lincei. Rendiconti, vol. 15, 1906, p. 391, and 9. Searpa, 
idem, vol. 16, 1907, p. 44. 

% American Journal of Science, vol. 22, 1906, p. 276. 

%t Neues Jahrbuch fiir Mineralogie, 1907. 

*2 Die Mineralien der Syenitpegmatitgaenge, 1890, p. 224. 

%3 Since this section of this paper was completed and communicated to colleagues, an 
important paper on the evolution and devolution of the elements, by Messrs A. C. and 
A. BH. Jessup, has appeared in the Philosophical Magazine for January, 1908. In it 
the periodic law has been employed in somewhat the same way as here. I print my 
reflections without change, as an independent contribution to the subject. 
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great part, to this cause. In fact it has been established that a relatively 
thin layer of rock possessing the average radioactivity of surface rocks 
would suffice to maintain the observed temperature gradients indefinitely. 
This line of reasoning is in part supported by the discrepancy which has 
hitherto existed between the age of a cooling globe as found by Kelvin’s 
application of Fourier’s method and the antiquity of the ocean as is 
found from geological observations. 

Supposing the uniform initial temperature of the globe and the thermal 
diffusivity of its substance known, the age by Kelvin’s solution is inversely 
proportional to the square of the surface temperature gradient. If the 
age were accurately known from independent geological observations, the 
corresponding gradient for a cooling globe could be inferred at once, and 
a comparison of this with the observed gradients would show in how far 
the theory of cooling fails to explain the facts. A brief review of the age 
determinations, however, will show that they lack the precision requisite 
to give such a comparison value as a means of determining the part 
played by radioactivity. 

During the last 15 or 20 years much work has been expended upon 
geological estimates of the duration of post-Archean time. The accumu- 
lation of strata is a gradual process proceeding part passu with the degra- 
dation of land surfaces, though greatly affected by local conditions; and 
had we the assurance that the maximum rate of accumulation in the past 
were the same as the maximum rate at present, fairly accurate results 
would be attainable. The formations have also been studied with especial 
view to the rate of deposition, a variation in which might manifest itself 
in a number of ways. The studies referred to, however, have not dis- 
closed any indication that the limits of variation with time are great, 
and to a certain extent they have been allowed for by Mr Walecott,** whose 
discussion of the data is more minute and comprehensive than any other 
with which I have met. In 1893 he reached the conclusion that the 
minimum estimate for post-Archean time is 25 to 30 million years, the 
maximum 60 to 70 million years, and that 45 million is the most prob- 
able. By a similar method Mr de Lapparent *° in 1890 had estimated 67 
to 90 million. In 1899 Sir Archibald Geikie *® stated that, so far as he 
was able to form an opinion, 100 million years would suffice for the for- 
mation of the stratified rocks, and in 1900 Mr Sollas ** arrived at 2614 
million, assuming a constant rate of deposition. On the other hand, Mr 


*% Journal of Geology, vol. 1, 1893, p. 675. 
% Bulletin Société de Géologie de France, vol. 18, 1890, p. 351. 

86 British Association for the Advancement of Science, 1899, p. 727 
% British Association for the Advancement of Science, 1900, p. 711. 
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Mellard Reade,** taking a low rate for erosion, computed a period of 95 
million years since the base of the Cambrian. All of these estimates may 
have been more or less unconsciously influenced by Kelvin’s great paper 
on the secular cooling of the earth, which appeared in 1862. In 1860, 
however, John Phillips *° estimated that the time required for the deposi- 
tion of the stratified rocks lay between 38 and 96 million years. 

As the figures themselves show, the uncertainty is great, because the 
data are imperfect; but the premises have been derived from different 
regions in different ways, and the conclusion seems fairly well established 
that a few tens of millions of years will cover the period of sedimentation. 

A radically different and very important method is due to Mr Joly, 
who sought to determine the age of the ocean from its sodium content on 
the hypothesis that this is derived at a uniform rate from the decomposi- 
tion of the rocks of the land surface. In 1899 *° Mr Joly reached 80 to 
90 million years by his method, and in 1900 ** he increased this estimate 
by 10 million in the course of an answer to a criticism by Mr Sollas,*? 
who still thinks Joly’s estimate too large by 30 or 40 million years. In 
1902 Mr Mackie ** discussed the same method in much detail. He ap- 
pears to me to succeed in showing that Mr Joly’s estimate is too large, 
and himself reaches 25 million without as, I think, justifying so great a 
reduction. Data are now accumulating on the composition of waters, 
and it will soon be practicable to apply Mr Joly’s method more satisfac- 
torily than was possible in 1900.** 

It is noteworthy that the estimates from sedimentation (with a single 
exception) and those from the oceanic sodium content vary between sub- 
stantially the same limits, 25 to 100 million years—wide limits truly, 
but better than unlimited guesses. 

Years ago biologists were inclined to claim vast periods of time in 
which to accomplish the evolution of species, but recent investigations 
seem to have convinced them that the rate of evolution even today is far 


38 Geological Magazine, vol. 10, 1893, p. 99. 
3% “Tjife on the earth,” etcetera, 1860, p. 119. I have checked the computation. Mr 


Reade, in his ‘Evolution of the earth’s structure,’ 1903, p. 256, is somewhat severe on 
Phillips for stating in his “‘Treatise on geology,’’ 1839, that the average wastage in the 
drainage basin of the Ganges is 1/40,000 yard, which he is quoted as saying is about 
1/111 of an inch. In the U. S. Geological Survey’s copy of the treatise, 12mo edition, 
undated, but catalogued as 1837-39, the fraction given is 1/4,000 yard, and this is 
about 1/111 inch. The 40,000 in Mr Reade’s copy is merely a misprint for 4,000. 

40 Transactions of the Royal Society of Dublin, vol. 7, 1899, p. 28. 

41 British Association for the Advancement of Science, 1900, p. 369. 

“42Mr Sollas repeats his criticism in his volume, ‘The age of the earth,” etcetera, 
1905. 

43'Transactions of the Edinburgh Geological Society, vol. 8, 1902, p. 240. 

4 Cf. Mr F. W. Clarke’s “Data of geochemistry.”’ U. S, Geological Survey Bulletin 
no. 330, 1908, p. 110. 
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from uniform, depending on the environment, and furnishes no safe 
guide to the lapse of time. Such studies as those of Mr de Vries on plants 
and of Mr Weldon on crabs show that under some circumstances specific 
modulation may be very rapid. Mr Walcott and Mr Sollas speak with 
authority, both as biologists and stratigraphers, and each expresses the 
conviction that his estimate from the strata is not inconsisent with the 
hfe record. 

It would appear, then, that geology points to an age of the ocean which 
probably lies somewhere between 50 and 75 million years. For such a 
period there is also physical evidence wholly independent of the origin of 
the heat of the solar system. Sir George Darwin’s studies of the earth- 
moon system led him to believe that the two planets parted company 
something over 54 million years ago.* 

The age of the earth, considered as a cooling body, was computed by 
Clarence King,*® using Kelvin’s formulas under restrictions established 
by Mr Barus, at 24 million years, and this result was accepted by Kel- 
vin *" in his last paper on this great subject. The uniform initial tem- 
perature of this earth was 1,950° centigrade. 

No one, I fancy, will be imclined to deny that the earth really is a 
cooling body of nebulous erigin, and that a part of its heat is due to 
compression. Kant ** in 1785 was the first to refer the heat of stellar 
bodies to the compression of nebulous matter, and Helmholtz *® in 1854 
was able to deal further with the subject, quantitatively in part, thanks 
to Joule’s determination of the mechanical equivalent of heat. Once this 
cause of high temperatures was pointed out, its importance could not 
and can not be denied. 


4 Philosophical Transactions, vol. 170, 1879, p. 511, and vol. 171, 1880, p. 882. 

46 American Journal of Science, vol. 45, 18938, p. 1. 

47 Transactions of the Victoria Institute, vol. 31, 1899, p. 11. 

4 “Tie Vulcane im Monde,” 1785. The earliest expression of great ideas is always 
a matter of interest, and I therefore translate some passages of Kant’s paper: ‘“‘Whence 
came the original heat? . . . Whence came the heat of the sun? If it is assumed 
(as is probable, on other grounds) that the protyle of celestial bodies was originally 
distributed in a vaporous state throughout the whole space in which they now moye, 
and that they have formed according to natural laws, as first by chemical affinity, 
but afterwards and chiefly in obedience to universal attraction, then [Adair] Craw- 
ford’s discovery points the way to a comprehension of how any temperature you please. 
might be produced simultaneously with the genesis of celestial bodies. . . . If, as . 
he proyes, matter expanded in vapor contains far more heat, and indeed, to maintain 
its expansion, requires far more heat, than when condensed—in other words, when 
nebulous matter is compressed to stellar bodies—then the resulting globes must con- 
tan more caloric than would suffice to maintain the natural equilibrium with the caloric 
of surrounding space.” He goes on to explain that the amount of heat generated must 
be a direct function of the mass of the stellar body, and adds: ‘‘In this way we should 
comprehend why the central body, as that of greatest mass in any system, may be the 
hottest, and so in every case a sun.” 

“© Die Wechselwirkung der Wissenschaften, 1854. 
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On reviewing the papers dealing with the earth as a cooling body, how- 
ever, I must confess to finding them unsatisfactory. The assumption ol 
uniform initial temperature made by Kelvin seems to me untenable, 
because it leads either to earths which are tidally unstable for vast periods 
of time or to earths so cool that there was no fusion at all and no rear- 
rangement of terrestrial matter by density. I have therefore investigated 
a somewhat more general problem,*° the cooling of an earth in which the 
initial temperature increases directly as distance from the surface. The 
original surface temperature is supposed to be about that of the hottest 
recent lavas, say 1,300°, while on the basis of Mr Barus’s experiments on 
diabase, the initial temperature at 40 miles from the surface is estimated 
at 1,600°. A discussion of the level of isostatic compensation, determined 
by Messrs Tittmann and Hayford,** leads to the belief that at a distance 
of 71 miles, or 114 kilometers, from the surface the rock temperature 
most closely approaches its melting point. Finally, the diffusivity is 
taken as that of the Calton Hill trap investigated by Forbes and Kelvin. 
These data lead to an earth which has been solid throughout from the 
moment when the surface first conjealed; it is about 60 million years 
old, and the present surface gradient should be 1° Fahrenheit in 77 feet 
(1° centigrade in 42.2 meters). This gradient seems very low; but many 
still lower gradients are known, and whether it is too low to be acceptable 
is a matter for consideration.*? It will be observed that in this method of 
dealing with the problem the age is not dependent, as it is in Kelvin’s 
solution, on the present surface gradient of temperature. The gradient 
here is a deduction. Since, also, the age found is in fairly good accord 
with the ages reached by other methods, my result for gradient is avail- 
able for an approximate estimate of the relative importance of radio- 
activity. 

The outer part of the earth is essentially a shell of massive rock several 
hundred miles in thickness. Roche ** would make this thickness a sixth 


50 Science, vol. 27, 1908, p. 227. In this paper, by an error in copying from the 
rough draft, the level of isostatic compensation is stated as 71 miles, or 140 kilo- 
meters. The last figure should be 114. The proper value was used in the formulas 
and computations. 

*t Report to general conference of the International Geodetic Association, Washington, 
1906. 

52Tn my solution the curvature of the earth’s surface is neglected. As is well known, 
Mr R. S. Woodward has discussed both the free and fhe conditioned cooling of a sphere 
initially at a uniform temperature (‘“‘Annals of mathematics,” vol. 3, 1887, pp. 75 and 
129). Excepting for ages of thousands of millions of years, his formulas applied to 
the earth give the same results whether the cooling is free or conditioned. I have 
compared his formula and Kelvin’s for a 60 < 10® year earth initially at 1307° having 
the diffusivity of the Calton Hill trap. The maximum difference is at a depth of 41 
kilometers and amounts to less than 4°. The neglect of the curvature is thus of no 
consequence. 

°3 Mémoire Academie de Montpellier, 1882. 
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of the distance to the center, and Wiechert ** one-fifth. The cooling of 
the earth must depend almost wholly on the properties of this rock, and 
the film of detrital matter on the surface bears no greater proportion to 
the mass of the earth than might the coating of oxide on a hot cannon 
ball. Hence it seems to me that the value of diffusivity to be chosen is 
that of trap, and that the significant gradients are those to be found in 
massive rocks, not among strata. Furthermore, many causes tend to 
increase the gradient. Such are thermal springs, volcanic heat, dissipa- 
tion of mechanical energy, chemical decomposition, and radioactivity, 
while only exceptionally high diffusivity in a massive rock of a given 
type or the neighborhood of large bodies of cold water tends to lower the 
gradient. What is requisite for the problem of a cooling earth is not an 
average gradient, but the average of unexceptionable gradients in massive 
rocks. 

Suggestions of this character have been made by various writers, but 
the subject has been discussed in detail only, so far as I know, by Mr 
Johann Koenigsberger.*® He has classified observations on temperature 
gradient and points out that those taken in nearly level regions in [rela- 
tively speaking] chemically unaltered rocks which are not recent eruptives 
are the most characteristic for the earth as a whole. He gives 26 such 


values, ranging from 1° centigrade in 27.8 meters to 1° centigrade in | 


37.9 meters. Five of the 26 are lower than 1° in 37 meters and average 
1° in 37.7 meters or, in round numbers, 1° centigrade in 38 meters. 
This is equivalent to 1° Fahrenheit in 69.3 feet. Since a minimum 
gradient, rather than an average one, is demanded by the problem, I 
shall suppose this to be the normal value; and if the gradient due to 
cooling alone is 1° centigrade to 42.2 meters, as I find it for the 60- 
million-year earth, the gradient due to radioactivity and other analogous 
causes would be 


it i 1 


38" 49". 385 


or almost exactly a tenth of the normal value. 

No doubt this is only a rough approximation. If the earth were only 
55 million years old, the other data remaining the same, the remainder 
attributable to radioactivity would be only 1° in 588 meters, while for a 
65-million-year earth it would be 1° in 294 meters. 


“Gottingen Nachrichten, 1897, p. 221. 
55 Congrés géologique Internationale, tenth session, Mexico. Compte Rendu, 1907, 
p. 1127. In this very important paper Mr Koenigsberger shows that the temperatures 


in tunnels can be calculated by Fourier’s law when the local topography is duly taken 
into account. 
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Again, in spite of Mr Koenigsberger’s valuable classification of 
gradients, we need more information on the normal gradient, as he 
points out himself—indeed, I understand that he is making observations 
on the conductivity of rocks and the normal gradient. 

Mr A. C. Lane ** has discussed the gradient in Michigan and considers 
1° Fahrenheit in 100 feet an average value in trap and limestone; but 
the neighborhood of large bodies of water modifies the applicability of 
this result. 

On the whole, however, considering the good agreement between my 
results for a cooling earth and the age as computed by other means, it 
seems reasonable to conclude that a tenth represents the order of magni- 
tude of the fraction of the gradient due to such causes as radioactivity, 
and that it very probably lies between an eighth and a sixteenth. 

Geophysicists should not forget, however, that radioactivity is only one 
of the causes which may influence the gradient. Even relatively fresh 
rocks are rarely quite undecomposed, and eventually this must be taken 
into account. The disintegration of a gram of radium liberates millions 
of times as much heat as the peroxidation of a gram of ferrous silicate ; 
but these silicates are also millions of times as abundant as is uranium. 

Mention has been made above of Mr Rutherford’s extremely interesting 
idea of determining the age of uranium minerals from the amount of 
helium, or preferably of the lead, which they contain, and geologists 
would assuredly rejoice in the discovery of a valid method of this kind. 
One condition of its acceptance would clearly be that it should give 
periods of the same order of magnitude as is indicated by purely geo- 
logical data. 

Now from the helium found in an analysis of fergusonite by Messrs 
Ramsay and Travers, Mr Rutherford ** computes an age of at least 500 
million years, and from an uranium mineral at Glastonbury, Connecticut, 
analyzed by Mr Hillebrand, a similar antiquity. The Glastonbury granite 
gneiss is equivalent to the Wilbraham gneiss of Mr Hmerson,°* who pro- 
nounces it unequivocally early Cambrian. Messrs Rice and Gregory °° 
feel some uncertainty as to its age, but do not suggest a new position for 
it. For the present purpose, it is sufficient to regard it as at the bottom 
of the Cambrian. Mr Walcott’s estimate of the lapse of time since the 
beginning of the Cambrian is nearly 28 million years, or about an 
eighteenth part of that suggested by Mr Rutherford. 


56 Annual Report of the Michigan Geological Survey, 1901, p. 244. 

5? Radioactive transformations, p. 189. 

583U. S. Geological Survey, Monograph 29, 1898. 

59 Connecticut Geological and Natural History Survey, Bulletin 6, 1906, p. 116. 
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Mr Boltwood ® has computed the age of a large number of uranium 
minerals from their lead content. He shows that according to theory 
the age will be given in years to a first approximation, if the ratio of 
metallic 1ead to metallic uranium is multiplied by 10 million. In this 
way he gety for the age of the Glastonbury minerals 410 million years. 
Now, at Barringer hill, in Llano county, Texas, there is a very remark- 
able deposit of rare radioactive minerals, which are so abundant that 
they have been mined for the use of an electric lighting company. It 
happens that the age of the granite in which the pegmatite occurs is 
known. Mr Walcott ® discovered in this county his Llano group, which 
belongs to the Grand Cafion series not far below the Cambrian. ‘The 
granites are intrusive in these sediments. The great masses of granite 
which occur in western Burnet and all through Llano county belong to 
the same age as the strata, and Mr Walcott is careful to remark that he 
did not observe any rocks of undoubted Archean age in the region. A 
number of analyses ° of the rare minerals of Barringer hill are available, 
and by Mr Boltwood’s rule they give the following ages for the Llano 
beds: 3 


Witrialite J2 Bs Mackintosh esse sceeerieeter 11,470 million years. 
Yttrialite, W. F. Hillebrand................... 5,186“ 3 
Mackintoshite, W. F. Hillebrand.............. Seok a 
Niyenites Wackimtoshiy.e ose shenaeeeee Woal aC 
Fergusonite, Mackintosh............... ineres 10,350 “ * 
Fergusonite, Mackintosh................++-+.. 2 OCT aan f 


Mr Boltwood informs me, however, that, with the possible exception of 
nivenite, none of these minerals is really suitable for throwing any 
definite light on the question of the uranium-lead ratio for Llano county, 
since all of the specimens show signs of incipient or advanced alteration ; 
but, according to theory, the state of combination is without influence on 
radioactivity, so that the only alterations which would affect the matter 
must involve. the addition or abstraction of uranium or lead, and mere 
hydration, for example, should be without effect. The nivenite, inter- 
preted by the rule, indicates an age 50 times as great as seems admissible 
from a geological standpoint and 4 times as great as the Glastonbury 
mineral, which would seem on geological grounds nearly coeval with it. 
~ There seems to me a plausible explanation of the lack of accord among 
these minerals. Mr Brogger,®* from his exhaustive studies of the Nor- 


® American Journal of Science, vol. 23, 1907, p. 87. - 
® American Journal of Science, vol. 28, 1884, p. 431. 
®2 Hidden & Mackintosh: American Journal of Science, vol. 38, 1889, p. 474. 
Hillebrand: American Journal of Science, vol. 46, 1893, p. 99, and vol. 13, 1902, 
p. 145. 


*8 Die Mineralien der Syenitpegmatitgiinge, part I, pp. 160, 164, and part II, p. 10. 
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wegian pegmatites, reaches the conclusion that the minerals of the thorite- 
orangite group, including urano-thorite, crystallize in his first phase of 
vein formation, that of “magmatic consolidation with the cooperation of 
pneumatolytic processes.” In the second phase, or the “principal phase 
of pneumatolytic minerals,” galena crystallizes out. He has observed 
galena in so many pegmatites that he considers it superfluous to enu- 
merate them. Now, every one who has had much to do with minerals 
knows how impure most of them are; how prone to include much more 
than traces of whatever foreign substances may be present. Brogger’s 
observations show that lead compounds must be soluble in the menstruum 
from which uraniferous minerals crystallize and indicate the probability 
that lead may be occluded in them as an impurity, the amount of which 
may vary from crystal to crystal. 

In view of these facts, the proportion of helium in uranium minerals 
would perhaps afford a better basis than the lead content for estimates of 
their age. If Sir William Ramsay’s determination of the life of radium 
is correct, Mr Rutherford’s helium estimate of the age of fergusonite, 
referred to above, would reduce to 66 million years, which seems not geo- 
logically impossible. But I find no convincing evidence that the law of 
decay is so simple as is assumed. Under the conditions in which uranium 
compounds are stable, A must necessarily reduce to zero. It is in the 
highest degree improbable that A is a discontinuous function, and it is to 
the same degree probable that the law of decay fails like Boyle’s law, or 
that 4 varies with circumstances such as may have environed a mineral 
in a pegmatite, even though heat alone or pressure alone may be without 
effect upon radioactivity. 

On the whole, then, the surface temperature gradients, taken in con- 
nection with the age of the earth as determined stratigraphically, or 
‘from the sodium content of the ocean, or from my theory of a cooling 
earth, do not indicate that the excess of temperature within the earth is 
due in any large measure to radioactivity. Something like a tenth of the 
gradient, however, may perhaps be due to this cause—a question which a 
more discriminating study of gradients will answer, at least in part. It 
does not seem to me that geologists can possibly accept the ages of min- 
erals as determined from the uranium-helium or the uranium-lead ratios, 
which do not seem consistent and are far longer than stratigraphers could 
admit. 

DISTRIBUTION OF RADIOACTIVITY IN DEPTH 


That radioactivity is almost universally distributed over the earth’s 
terrestrial surface has been known for some years; indeed, as Mr Ruther- 
ford puts it, each blade of grass must be coated with an invisible deposit 
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of radioactivity material. A fortiori, soil and rocks must possess such a 
coating and also, so far as they are porous, a radioactive lining.“* Pio- 
neers in the study of the distribution of radioactivity were Messrs Elster 
and Geitel,®* who have shown that radium is particularly abundant in 
clays and spring deposits. As has been mentioned, even volcanic matter, 
especially the porous tuffs, contain some radium, while fresh lavas contain 
little or none. In 1906 Mr R. J. Strutt made a very valuable series of 
determinations of the activity of massive rocks, meteorites, and sedimen- 
tary strata.°° This investigation shows that granites and syenites are 
much more radioactive than other rocks, although some granites—for 
instance, that from the isle of Rum—contain very little radium. The 
metallic meteorites show no sensible activity, and stony meteorites only 
about as much as the basalts—a sixth or an eighth of that shown by the 
more active granular rocks. Messrs Eve and McIntosh ® have added a 
number of American rocks to Mr Strutt’s list and have corrected his 
results by means of an improved ratio between the quantities of uranium 
and radium existing in substances which are in radioactive equilibrium.** 
The corrected averages for Mr Strutt’s igneous and sedimentary rocks are 
1.7 X 10-” and 1.1 xX 10—” or in mean 1.4 X 10—” grams radium per 
gram of rock. 

It is evident that the radioactivity of rocks must tend to raise their 
temperature and to increase any temperature gradient which they might 
have were radium absent. This was first pointed out in 1893 by Mr F. 
Himstedt.®® In the next year Mr Rutherford * showed that the amount 
of heat indicated by Messrs Elster and Geitels’ determinations of the 
radioactivity of soils far exceeded the average amount lost by the earth 
through radiation. In the same year Mr C. Liebenow™ reached the 
same result independently and inferred that radium, or at least the dis- 
integration of radium, must be confined to small depths, since otherwise 
the earth would be growing hotter. Within this shell the temperature 
would be constant if all the heat were due to radioactivity. 


®4See J. Danne on superficial occurrences of radium; Comptes Rendus, Paris, vol. 
140, 1905, p. 241, and McCoy and Ross, American Chemical Society, vol. 29, 1907, p. 
1702. 

® Phys. Zeitsch., vol. 3, 1902, p. 574; vol. 4, 1902, p. 162; vol. 5, 1904, p. 321. 

°° Proceedings of the Royal Society of London, series A, vol. 77, 1906, p. 472, and 
vol. 78, 1906, p. 150. 

% Philosophical Magazine, vol. 14, 1907, p. 23. 

®s Rutherford and Boltwood found that the amount of radium associated with 1 
gram of uranium during radioactive equilibrium is approximately 3.8 X 10 —7 gram. 
American Journal of Science, vol. 172, 1906, p. 1. See also A. S. Eve, ibid., p. 4. Mr 
Strutt’s paper was read before the appearance of this corrected ratio. 

® Verhand. Freiburg. nat. Ges., yol. 14, 1903, p. 186, and Phys. Zeitsch., vol. 5, 1904, 
p. 210. 

” Radioactivity, 1904, p. 344. 

1 Phys. Zeitsch., vol. 5, 1904, p. 625. 
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Early in 1906 the distribution of temperature in a globe heated ex- 
clusively by radium was discussed almost simultaneously by Mr J. 
Koenigsberger ‘* and Mr R. J. Strutt.” 

Mr Koenigsberger, starting from Fourier’s equation for the conduction 
of heat in three dimensions, discusses several distributions of radium: 
(1) a uniform distribution throughout the globe, (2) a uniformly active 
shell, (3) a sphere in which the activity fades out gradually in depth, and 
(4) an active shell buried beneath an inactive layer of rock.** 


72 Phys. Zeitsch., vol. 7, 1906, p. 297. 

73 Proceedings of the Royal Society of London, series A, vol. 77, 1906, p. 472. 

™ The partial differential equation representing the conduction of heat in a sphere is 
by Riemann’s Partielle Differentialgleichungen, section 61: 


d (ur) k ad (urs 
dt @ dr2 ” 
where wu is the excess of temperature, as compared with the surface, of a point at a 
distance r from the center; k is the conductivity; ¢ the thermal capacity, and ¢ the 
time. If q is the quantity of heat liberated per second per cubic centimeter by radio- 
activity, the rate at which the temperature would rise is q/c. If the earth is in ther- 
mal equilibrium, the heat lost by conduction per unit of time must be equal and oppo- 
site to q/c. Hence 


du qd 
atm ven 
and since r does not vary with 7, 
bs du dw) __ @ 
dt dt Om 
Consequently 
d? (ur) fs qr 
Ge TE 


represents the distribution of temperature in any radioactive sphere in which the 
radium is symmetrically distributed with reference to the center. 

When gq and & are constant for such a portion of the sphere as is radioactive, the 
integral of this expression contains two arbitrary constants. If the problem to be dis- 
cussed is that of a superficial shell of radioactive matter, let R be the outer radius of 


the earth and &) the inner radius of the shell. Then duw/dr must vanish, for r = Ry 
and w must be zero at the surface or when r = R. The complete solution is then 

ku _ R2—7r? Ro e l ): du q (r= ee 

q 6 3 Tr 18)? Ole 3k 72 


for a sphere which is radioactive throughout R,o.=o in these formulas. If, on the 
other hand, the shell is thin, let R—r=vz, where @ is the distance from the surface, 
and let R— R)= 8 the thickness of the shell. Then 2/R will be a small quantity and 
the formulas reduce to the form employed by Mr Strutt and which will be used here in 
the text. As Mr Koenigsberger shows, g may, if desired, be regarded as a function 
of r; for example, q’ may be a constant, such that 


qr =; 
so that the radioactivity vanishes at the center of the earth and is greatest at the sur- 
face. The differential equation may still be integrated with ease. Again, k may be 
supposed to vary with the temperature. I may observe, however, that it can not really 
vary by such a law as k = kp (lt — au), for then when u= //a, kK = 0, and this 
would mean that a body heated to a temperature //a would never cool at all! 

In a sphere of initially uniform temperature cooling according to Fourier’s law, the 
temperature gradient is a maximum at the surface and decreases continuously with in- 
creasing depth. By an inadvertence, Mr Koenigsberger states that in this case the 
gradient increases with depth. 
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Mr Strutt independently reached the equation of the distribution of 
temperature in a thin radioactive shell uniformly charged with radium.” 
He computed the thickness of the crust at 45 miles and the temperature 
of the interior at 1530° centigrade, assuming a surface temperature gra- 
dient of 1° Fahrenheit in 42.4 feet. His constants have been in part 
superseded, and I have therefore recomputed his equations for a gradient 
of 1° Fahrenheit in 50 feet with the conductivity of the Calton Hill 
trap, 0.00415, assuming that the thermal effect of 1 gram of pure radium 
is 100 gram calories per hour. It follows that the thickness of the radio- 
active shell needful to maintain the temperature gradient is 137 kilo- 
meters if it contains 1.4 x 10~” grams of radium per gram of rock uni- 
formly distributed, while the resulting internal temperature would be no 
less than 2488° centigrade, which seems high. 

As is well known, Mr Barus investigated the melting point of diabase, 
finding that it rose in simple proportion to the pressure. At a depth ot 
137 kilometers diabase would melt at about 2100° centigrade; hence a 
temperature of 2488° centigrade at this depth would imply a liquid 
couche and consequently tidal instability, which is inadmissible. 

Evidently, then, there must be a limit to the effects which can be 
attributed to radioactivity, and with the data in hand a surface gradient 
of 1° Fahrenheit in 50 feet can not be accounted for in this manner. 
The limitations are easily determined from Mr Strutt’s equations, which 
may be written 


se OE a Ce 
or (2s — x) ; zs , 3 x) 


where v is the temperature excess; q the quantity of heat developed in 
the radioactive shell per cubic centimeter per second; & the thermal con- 
ductivity of the rock; s the thickness of the shell, and xz the distance 
from the surface. The temperature at which diabase melts may be repre- 
sented with sufficient accuracy by 

y = 1170° + 67.5 * 10n*at 


If the v curve is tangent to this diabase line at 2, it is easy to eliminate 
s and show that 


eal 9 110k 


: ih qd 
Then with the conductivity of the Calton Hill rock, 0.00415, the density 


i When the curvature of the earth is neglected, this problem is mathematically iden- 
tical with that of the heating effect of a constant electric current on a thermally in- 
sulated conducting wire. Cf. Kohlrausch, Lehrbuch der prak. Physik, 10th edition, 
p. 214, 
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2.85, and the heating effect of radium 0.02778 gram calories per gram 
per second, 
q=1.4 x 10-” x 2.85 x 0.02778 = 0.1108 x 10-” ; % = 93.6 kilom. 


The condition of tangency gives 


uge 


or 
s = 119. kilometers = 74 miles. 
and when « = s or for the under surface of the shell 


qs 
Qk 


= 1887° centigrade. 
Finally, when  — 0, the surface gradient is 


(4) = 7 = 0.0003176° centigrade per centimeter, 


or 1° Fahrenheit per 57.4 feet. 


I am thus led to the striking conclusion that with the data now known 
any surface gradient of temperature due to uniform radioactivity alone, 
which exceeds 1° Fahrenheit in 57 feet, would result in tidal instability 
and is impossible. The utmost thickness which can be ascribed to a shell 
‘of uniformly radioactive rock is 74 miles and the highest temperature 
which its under surface can possess is 1887° centigrade. 

The surface gradient, 1° Fahrenheit in 57 feet, or 0.03176° centigrade 
_per meter, or 1° centigrade in 31.5 meters, is well within the range of 
observed gradients; but if all the heat of the earth is to be accounted for 
-by radioactivity, it appears too low. Mr Strutt, following Prestwich, 
took 1° Fahrenheit in 42.4 feet as the mean, and Mr Rutherford 1° 
‘Fahrenheit in 50 feet. 

As appears from the formulas, the surface gradient is simply propor- 
‘tional to the thickness of the shell or to s. Hence, if only a fraction of 
the actual gradient is due to radioactivity, the corresponding thickness of 
the radioactive shell can be found by simple proportion. Thus if the 
normal average gradient is 1° centigrade in 38 meters and the average 
gradient due to radioactivity is 1° in 385 meters, the values suggested on 
a preceding page for a 60-million-year earth, then the radioactive shell 
would be 9.8 kilometers, or about 6 miles, in thickness. The correspond- 
ing thickness for ages of 55 and 65 million years are respectively, in 
round numbers, 6 kilometers and 13 or 4 miles and 8. 
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While there are limitations to the possible thickness of a uniformly 
radioactive layer, there are also reasons for believing that radioactivity is 
not uniformly distributed, and that it is at a maximum not more than a 
few thousand feet from the solid surface of the earth. 

In this connection the radioactivity of the ocean presents points of 
great interest. Mr Strutt and Mr A. S. Eve“ have made determina- 
tions of the activity of sea salt and Mr J. Joly *® of abysmal sediments. 
Mr Eye finds that sea water does not contain per gram more than 
6 x 10~- grams radium, or only a three-thousandth part as much as 
Mr Strutt’s igneous rocks, and he infers that the uranium denuded from 
the land is deposited in the oceanic sediments. Mr Joly obtained from 
Sir John Murray globigerina ooze from a depth of 1,990 fathoms and 
red clay from 2,740 fathoms. The former contained 6 times as much 
radium as Mr Strutt’s igneous rocks and the latter 16 times as much. 

The activity of the ocean itself is almost negligible. Its average depth 
is about 3,440 meters (Woodward) and its density 1.027 Clarke), so that 
the weight per square centimeter is 353,300 grams. Dividing by 3,000 
gives the weight of Mr Strutt’s rock, which would be radioactively equiva- 
lent, and dividing again by 16 gives the corresponding weight of Mr 
Joly’s clay. If the density of this clay is supposed to be 2.75, it follows 
that the whole ocean has a radioactivity no greater than that of a layer 
of clay 27 millimeters, or a trifle over one inch in thickness! 

If radium emanation were a permanent gas, ocean water would be 
charged with it, according to Henry’s law; but the half-value period of 
radium emanation is only 4 days and its average life therefore 5.8 days. 
Tn so short a time as six days this heavy gas, liberated at or beneath the 
ocean bottom, would diffuse vertically through the water to a short dis- 
tance only, and, since its non-volatile products appear substantially in- 
soluble in sea water, they would subside again to the bottom. In this 


way it would seem that a concentration of radium D and subsequent — 


members of the series, including lead, must take place. As a matter of 
fact, an extremely careful analysis ’® has been made in the laboratory of 
the U. 8. Geological Survey of a composite sample of red clay prepared 
by Sir John Murray from 35 specimens, and it showed 80 x 10-* grams 
lead oxide per gram of clay. If any considerable part of this lead re- 


sulted from the disintegration of radium, it is substantially certain that | 


concentration has taken place; for the equivalent amount of radium is 


7 Proceedings of the Royal Society of London, series A, vol. 78, 1906, p. 150. 

77 Philosophical Magazine, vol. 13, 1907, p. 248. 

78 Nature, vol. 76, 1907, p. 8. 

7H. W. Clarke: Proceedings of the Royal Society of Edinburgh, yol. 27, part iii, 
1907, p. 167. 
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over 314 million times the quantity found by Mr Joly in the clay. The 
data, however, are too few to justify more than the qualitative conclusion 
that an intelligible tendency is indicated to the concentration of radio- 
active matter on the sea bottom. On the other hand the depth of the red 
clay is entirely unknown, and for that reason it seems to me impossible 
to judge for how long a period radioactive matter has been accumulating 
in the ocean. 

If a continuous sheet of water is practically impermeable by radium 
emanation, lakes and ground water must likewise greatly interfere with 
the escape of this gas; and on land also, so far as ground water exists, 
there must be a tendency to the concentration of radioactive substances. 
Recent studies show that underground waters are more superficial than 
was formerly supposed, and that meteoric waters are not abundant below 
a depth of a couple of thousand feet, excepting along certain fissures. 
The vadose circulation proceeds in most cases with extreme slowness and 
its waters must interpose a formidable obstruction to the diffusion of 
radium emanation, or must greatly promote its disintegration within the 
capillary fissures of rock-masses; hence also it seems to me that there 
must be a concentration of radioactive matter in water-bearing rocks. If 
so, rocks from desert areas not associated with pegmatite should show on 
the whole less activity than similar rocks from moist regions; so also 
rocks collected in very deep mines dry at the bottom should be less active 
than those of the overlying wet layer, and in general radioactivity should 
be at a maximum in the outer moist shell of the earth. This is in line 
with what is known of the radioactivity of volcanic rocks, and the infer- 
ence is one which ought to be tested by exploration. 

Radioactive clays at the ocean bottom doubtless evolve heat in the same 
proportion as they would at sealevel, but the temperature effects must be 
inconsiderable, because the clays are soaked with very cold water. Con- 
vection currents will be stimulated to some extent by the heat evolved, and 
this will be the principal effect. In continental regions also the vadose 
circulation is equivalent to a water jacket, and radioactive heat will be 
carried off by the slowly moving water currents. This fact is another 
reason for believing that the best field for the study of the effects of 
radioactivity on the earth as a whole is an arid one, such as the Great 
basin. If the congressional appropriation for chemical and physical 
research were not so very small, I should endeavor to have a radioactive 
survey made of the region of the Grand canyon of the Colorado; but that 
must wait. 

It appears that uraninm and its disintegration products originate in 
the granitic rocks; that radium must be confined to a relatively thin 
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shell; that no gradient higher than 1° Fahrenheit in 57 feet can be 
accounted for by uniform radioactivity, and that average radioactivity is 
probably a maximum where water interferes with the escape of radium 
emanation. It also appears inevitable to ascribe a great part of the tem- 
perature gradient of the earth to its original heat. The whole subject 
would be much clearer if the origin of granite and the depth to which 
it extends were known. 

That the granites are relatively superficial seems to be proved by their 
low density, the relatively small silica content of most modern effusive 
rocks, which must come to the surface through the granite, and finally 
the absence of tridymite, together with the presence of much water in 
the granular rocks. 

If, as Kelvin believed and as it seems most rational to believe, the 
rocks of the earth’s lithoid shell consolidated at their melting tempera- 
tures, no granitic rocks can have formed until all the others had congealed. 
It does not seem possible consistently to imagine a globe in the process of 
cooling in which a layer of freshly consolidated basalt immediately under- 
lies a sea of granitic magma; for the basalt surface would have a tem- 
perature of 1170° plus an amount corresponding to the pressure at that 
particular depth, while since the inversion point of tridymite at atmos- 
pheric pressure is some 800°, the lower surface of granitic sea would 
have a temperature of, say, 800° plus an amount corresponding to the 
pressure. A temperature gap or discontinuity would exist between the 
two rocks. Under such conditions, if they could exist, the lower part of 
the granite would rapidly pass over into rhyolitic or trachytic magmas 
and the temperature curve would be inflected. On the other hand, I 
find no difficulty in imagining the earth consolidating to a surface of 
rhyolitic or trachytic composition similar perhaps to that which the moon 
now presents to our vision, but at a temperature of, say, 1300°. The 
surface would be white hot and the atmosphere would contain, inter alia, 
almost all of the water of the globe at a temperature nearly a thousand 
degrees above its critical temperature. Surely when the sun solidifies 
there will be such an epoch in its history, and the small density of Jupiter 
points to the existence of such conditions there. As soon as the surface 
of the earth solidified, its temperature must have sunk with great rapidity 


to the critical point of water (365°), and at the enormous atmospheric — | 


pressure of several hundred kilograms per square centimeter the intensely 
heated aqueous vapors must have acted on the rhyolitic shell with extra- 
ordinary energy. They were not only forced in under pressure, but 
sucked in by the shrinkage of the cooling lava. Here, then, were ideal 
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conditions for aqueo-igneous fusion and for the formation of granitic 
rocks from rhyolitic and trachytic massives. 

Thus the formation of primitive granitic rocks may rationally be con- 

ceived as due to a refusion immediately following the consistentior status 
and extending as far from the surface as aqueous vapors could penetrate. 
How far that would be it is, to be sure, as yet impossible to say—a mile 
or two at least, it may be guessed, but probably not many miles. 
' The thermal relations of the formation of primeval granite, as sketched - 
above, are complex. Aqueous vapor was condensed and united with the 
rhyolitic material to a magma of a lower temperature than the rock had 
possessed before aqueo-igneous fusion. Heat was liberated by the con- 
densation of the vapor and the cooling of the magma, but heat was ab- 
sorbed by the liquefaction of the rock. Now the absorption of heat in the 
dry fusion of orthoclase is small, and I know of no indication that it 
would be great in the aqueo-igneous fusion of granite, while the heat 
liberated by the condensation of aqueous vapor is, of course, enormous. 
Though no exact balance can be struck, it would seem as if the primeval 
granite must have formed very slowly indeed, unless by some means sur- 
plus energy could be potentialized. In the absence of such a disposition 
of the excess, granite could form only as fast as radiation from the sur- 
face reduced the temperature at internal levels to the point at which 
silica crystallizes as quartz. On the other hand, if energy could be poten- 
tialized within the mass, the tendency to stable thermal equilibrium would 
be fulfilled with comparative rapidity, and such tendencies usually involve 
adjustment at a maximum rate. 

The bounds of legitimate hypothesis are not transgressed by supposing 
that the surplus energy of aqueo-igneous refusion was potentialized by 
the formation of uranium, and that the energy of radioactive matter 
thus represents a part of the original energy of the cooling globe. If so, 
the solidification of the primeval granite was hastened by the genesis of 
uranium, and the heat which now escapes from its disintegration products 
would have been radiated into space long since if no such complex atoms 
had been stable under the conditions of aqueo-igneous fusion. The earth 
has cooled more gradually because of an endothermic reaction, but the 
source of its heat is dynamic. 

Although there is reason to believe that the radium content of the 
rocks is at a maximum in or just below the vadose waters, this does not 
affect the computation of the total amount of radium from the difference 
between the normal gradient and the gradient for a given age. This 
follows from the assumption that all the heat generated by the disintegra- 
tion of radium is emitted from the surface and in so far its distribution 
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is unimportant. If, however, the amount of radioactivity diminishes 
with depth, the shell of radioactive matter must be thicker than that 
computed.*° 

Although the contribution of radioactivity to the total heat of the 
globe appears to be relatively small, the influence of radioactivity on geo- 
logical processes may have been great. So far as the action of “mineral- 
izers” is understood, it would seem that radioactive matter should be 
extraordinarily efficient. It is hard to see how any chemical or physical 
reaction could hang fire under the bombardment of a particles, which 
seems comparable to the explosion of fulminate of mercury. The influence 
of radium on the crystallization of artificial minerals ought to be studied, 
and it will be strange if it is not found useful. Mining geologists and 
petrographers also should endeavor to ascertain whether phenomena 
hitherto mysterious are not explicable by radioactivity, but they will 
probably meet with little success until further systematic laboratory re- 
searches have been made with the especial purpose of elucidating the 
subject. Unfortunately there seems no hope of this until the funda- 
mental importance of geophysical researches is more generally appre- 
ciated. 

SUMMARY 


This paper begins by an attempt to outline in sufficient detail for the 
use of geologists the magnificent investigations of a small group of 
physicists on radioactivity. While a few matters are still in doubt, these 
are relatively unimportant to geologists, and it is fully established that 
radioactivity must be taken into account in estimating the age of the 
earth as well as in the explanation of geophysical phenomena. 


If the heat developed by radioactivity were greatest at the surface, say equal to 
9, and diminished linearly with depth, vanishing when the depth were co, then the 
heat developed per cubic centimeter would be 

ot) ) 


9=% (ies =) and a —_— * (a = 


Making the temperature gradient zero when x = o and the temperature excess, or v, 
zero at the surface, the equations 


dv Gor 2a; x2 \_ dor ( xr a 
dx zk G=S4ps Daina : =a) 


represent the distribution of gradient and temperature. The surface gradient in this 
case is 


dv) go 
dz Tye 2k 


and the curvature of the temperature curve is considerably nearer the surface, because 
in this neighborhood d2v/dz? is finite. On the other hand, at the bottom of the radio- 
active layer d*v/dz* vanishes. In the case of a cooling globe the curvature of the ex- 
cess of temperature curve is zero at the surface. f 
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The second section deals with the origin of the radioactive elements. 
The distribution of elements in the universe as revealed by the spectro- 
scope is discussed in connection with Mr Clarke’s evolutionary hypothesis. 
The distribution, taken in its relations to the periodic law, points to the 
truth of the hypothesis that elements are evolved, those of highest 
molecular weight being the youngest and confined to cooling stars or 
planetary bodies. This conclusion is in line with Mr J. J. Thomson’s 
corpuscular theory of matter and evolution is the converse of the devolu- 
tion established by the Curies and Messrs Rutherford and Soddy. If 
uranium existed in the nebule, the mystery of the universe would be 
almost hopelessly deepened. Regarding.uranium as an endothermic com- 
pound, it must be stable at certain elevated temperatures and pressures. 
Its association with pegmatites indicates in a general way the conditions 
of stability, and it is pointed out that the artificial production of radio- 
active substances is not a hopeless aspiration. 

The bearing of radioactivity on the age of the earth is next considered. 
The more important estimates—geological, chemical, astronomical, and 
physical—are assembled, including a new calculation of the age of a 
cooling globe made for this memoir, but published in detail elsewhere. 
This agrees well with the determination by other methods and gives about 
60 million years as the age. From it may be deduced a gradient of 1° 
centigrade in 42.2 meters, while the best normal value of the gradient as 
derived from Mr Koenigsberger’s discussion is 1° centigrade in 38 
meters. The difference, about one-tenth of the latter, is offered as a first 
approximation to the terrestrial heating effect of radioactive substances. 
The theory that the age of minerals can be inferred from the ratio of 
uranium to helium or to lead is discussed and rejected. 

A concluding section is devoted to the distribution of radioactivity in 
depth. The total heating effect is independent of this distribution, which, 
however, would affect the rate of increase of temperature in mines or 
wells, and something may possibly be learned of it by such means. For- 
mulas for the temperatures due to various distributions have been given 
by Mr Koenigsberger and Mr Strutt. It is shown how that for a uni- 
formly radioactive shell the highest surface gradient compatible with 
tidal stability is 1° Fahrenheit to 57 feet, while if the gradient due to 
radioactivity is a tenth of that due to cooling, the uniformly radioactive 
shell is a little less than 10 kilometers in thickness or, say, between 6 and 
13 kilometers. The ocean has scarcely any radioactivity, while the 
abysmal red clay is intensely active. A plausible hypothesis is offered for 
the accumulation of radioactive matter beneath water or wet rocks. The 
intimate association of radium and granitic rocks leads to the considera- 

XIV—BuLL. Grou. Soc, AM., Vou. 19, 1907 


146 G. F. BECKER—RELATIONS OF RADIOACTIVITY TO COSMOGONY | 


tion of the conditions of the formation of primeval granite. The only 
origin compatible with known facts seems to be the action of superheated 
aqueous vapor on solid nearly anhydrous rhyolitic or trachytic rocks, pro- 
ducing aqueo-igneous fusion immediately after the consistentior status. 
This would apparently imply that the granitic shell is not more than a 
few miles in thickness and is consistent with the inference as to the thick- 
ness of the radioactive shell. The thermal relations seem to indicate that 
the formation of granite must have been excessively slow, unless by some 
means energy was potentialized. Now the formation of uranium poten- 
tialized an enormous amount of energy. Hence it is reasonable to believe 
that the formation of uranium took place at this time and at the expense 
of the heat of compression of the terrestrial nebula. 
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INTRODUCTION AND BRIEF DESCRIPTION 


The purpose of this article is to describe a deposit of hard stream con- 
glomerate that has been laid down during the late Quaternary and is 
still in process of formation in the valley of White creek, in the western 
part of Fresno county, California. This stream is a branch of Los Gatos 
creek, which flows southeastward from the Diablo range, the easternmost 
member of the Coast ranges, and enters the San Joaquin valley at Coa- 
linga. The deposit was observed by the writers in the summer of 1907, 
during the progress of an investigation of the Coalinga oil district. 

White creek flows from an area of serpentine and other metamorphic 

rocks and carries much mineral matter, which it deposits on evaporation 
of the water. The gravel of the valley floor is thus cemented and is 
changed to a solid pavement, through which the stream subsequently 
carves a channel, leaving the conglomerate as a terrace deposit along the 
sides of the valley. The cement is largely calcium and magnesium car- 
bonates, with minor amounts of silica and iron oxide; the gravel is made 
up of pebbles and boulders of many kinds of metamorphic and sedi- 
mentary rocks, and the resulting conglomerate is so hard and compact 


1 Published with the permission of the Director of the U. 8S. Geological Survey. 
Manuscript received by the Secretary of the Society March 26, 1908. 
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that the stream in cutting it forms clean cross-sections through all the 
constituent materials. : 


TOPOGRAPHY AND GEOLOGY 


The topography of the region is well shown in figure 1, plate 9. The 
hills in the foreground are the remnants of a great synclinal valley plain 
which once extended between the mountains in the distance and a similar 
range back of the point from which the picture was taken. Evidences of 
at least three terraces are preserved along the sides of the canyon which 
winds down the old valley. It is on the middle one of these terraces, 
which is usually 20 to 40 feet above the stream, and on the lower one 
which forms the present valley floor and stream pavement, and which is 
in most places a few feet above the channel of the stream, that the con- 
glomerate occurs. : 

_ The rocks of the main ridge north of the old valley just mentioned, 

especially that portion im which White creek heads, belong to or accom- 
pany the Franciscan formation, being largely sedimentary strata, ser- 
pentine, glaucophane schist, and associated igneous and metamorphic 
rocks of late Jurassic or early Cretaceous age; the rest of the contiguous 
country, with the exception of a syncline of Plocene sandstone under- 
lying a portion of the old valley, is occupied by thick-bedded sandstone 
carrying huge brown concretions, and thin-bedded, dark clayey shale, 
both of Cretaceous age. 


DESCRIPTION OF THE DEPOSITS 


White creek is a small stream and is intermittent in its lower. course. 
In the 9 miles between the serpentine area and its junction with Los 
Gatos creek it descends 1,200 feet, with a fairly constant gradient of 
from 2 to 214 per centum. The water is perfectly clear and, owing to 
the white mineral deposit that it forms upon the pebbles and boulders 
along its course, the water appears of a silvery white color. The white 
deposit and cemented gravel is not apparent toward the head of the 
stream, but is more and more in evidence farther down, along that part 
of the course where (during the dry season) the water ordinarily reaches 
the point of saturation with mineral matter and evaporates. In most 
years the creek dries up or becomes very much reduced during the 
summer months several miles above its confluence with Los Gatos creek. 
The conglomerate extends for about 5 miles along White creek, begin- 
ning at a point some 2 miles below the edge of the serpentine area, from 
which the mineral matter of the cement is derived, and ceases about a 
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FiGuRE 1.—STREAM CONGLOMERATE CAPPING TERRACE 


In the foreground is the bed of White creek, in which conglomerate is now 


forming. 
Photograph by the U. S. Geological Survey (Robert Anderson). 


FIGURE 2.—NBEAR VIEW OF A HARD LEDGE OF STREAM 


CONGLOMERATE 


Note size of detached blocks of conglomerate as compared with man at the left in 
figure; also relative hardness of the terrace capping and underlying Cretaceous sand- 
stone, as shown by the formation of caves in the latter. View looking north across 
White creek, 14 miles northwest of Coalinga, California. Photograph by the U. S. 
Geological Survey (Ralph Arnold). 


STREAM CONGLOMERATE 
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mile above the confluence of White creek with Los Gatos creek. It is 
present most abundantly through the middle portion of this stretch, 
where it forms a pavement over the stream bed as much as 100 feet wide 
and terrace deposits on the sides of the valley in places as high as 40 feet 
above the stream. The ledge forming the terrace capping or stream bed 
pavement is in places 15 or more feet thick. (See figure 2, plate 9.) The 
width of the pavement, on the valley floor was several hundred feet at 
the time the stream deposited the conglomerate that now forms the ter- 
race lining the sides of the valley. ‘The Cretaceous sandstone which 
underlies the capping is of less induration than the conglomerate and 
gives way more readily to weathering and erosion. As a result, the cap- 
ping is undercut and large blocks of it break off as shown in figure 2, 
plate 9. Thus erosion removes the deposit more rapidly than would be 
natural in a formation of such hardness were it laid on a more resistant 
foundation. 

The stream wears a smooth channel in its pavement, cutting directly 
through the boulders of the conglomerate as if it were a homogeneous 
rock and producing a polished section. In many cases a fluting of the 
rock has been caused by the division of the stream into several different 
channels. The inclusions in the rock are of all sizes and in all stages of 
decomposition, although the majority are hard and fresh. They include 
chiefly sandstone of various kinds, serpentine, syenite, chert, quartz, and 
shale. Among these the most prominent place is assumed by large con- 
cretions, often several feet in diameter, of extremely hard sandstone that 
are derived from the adjacent Cretaceous strata. 

The cementing material is yellowish white in color. Although not 
very hard, it is firm and is present in large amount, forming a complete 
coating over most of the pebbles, sometimes completely filling the inter- 
spaces and sometimes leaving the rock porous. The rock varies in com- 
pactness and hardness, the cement in some places being less abundant 
and the inclusions roughly agglomerated. 'The rock gives way more 
readily to weathering than to stream wear, and where washed by the 
water it is usually of extreme hardness. It is frequently difficult to dis- 
tinguish the Quaternary conglomerate from the rocks of the older forma- 
tions, and the former is apt to lead to confusion for the additional reason, 
that fossils derived from the Pliocene sandstone of the vicinity are in 
places included in it. In the lower course of White creek the gravelly 
bed is at present undergoing the process of hardening, the evaporating 
water leaving a white coating on the pebbles that causes them to adhere 
slightly and part with a harsh sound when one crunches the gravel under 
foot. 
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ORIGIN AND DEPOSITION OF THE CEMENT 


The serpentine and associated metamorphic rocks of the ridge in 
which White creek heads are the source of the cement which hardens the 
conglomerate. An analysis of similar serpentine from near the New 
Idria quicksilver mine in the same general metamorphic area is given 
below (A), and to this are added analyses of two other serpentines (B 
and ©) and a glaucophane schist (D) from the same formation, near 
mount Diablo, farther north in the range. 


Analyses of Serpentines and Glaucophane Schist from the Diablo Range, 
California* 


A—Light green, marmolitic serpentine, New Idria, San Benito county, Cali- 
fornia. W. H. Melville, analyst. (Loe. cit., p. 246.) 

B—Serpentine from near Arroyo del Cerro, Contra Costa county, California. 
W. H. Melville, analyst. (Loc. cit., p. 250.) 

C—Friable serpentine from same locality as B. W. H. Melville, analyst. 
(Loe. cit., p. 249.) 

uv—Glaucophane-schist. Pine canyon, Mount Diablo, Contra Costa county, 
California. W. H. Melville, analyst. (Loe. cit., p. 247.) 
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An analysis by Dr E. C. Sullivan shows that the cement deposited on 
White creek is made up principally of calcium and magnesium carbon- 
ates, with minor amounts of silica and ferric oxide. A comparison of 
this analysis with that of the serpentine (A) from the general area in 
which White creek heads makes obvious the origin of the magnesium in 


° I. W. Clarke: U. S. Geological Survey Bulletin no. 228, 1904, pp. 246, 247, 249, 250. 1 
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the cement. There is also no doubt that at least some of the calcium is 
derived from the serpentine, for varieties of calcium-bearing serpentine 
similar to those of analyses B and C are also found in the White Creek 
area, together with glaucophane-bearing schists high in calcium, much 
like the one of analysis D. It is therefore easy to account for the pres- 
ence of all of the minerals in the cement, and to imagine how they are 
first dissolved from their original source by the carbonated surface waters 
under the peculiarly advantageous subterranean conditions prevalent in a 
region of obviously intense alteration; how they then emerge in solution 
in the waters of the springs on the slopes of the serpentine ridge; and, 
finally, how, when evaporation has brought the water to a point of satu- 
ration, the cement is deposited on and between the pebbles and boulders 
of the stream bed, forming the conglomerate. A combination of mag- 
nesium and calcium carbonates dolomite* and silica is only slightly 
soluble in water under surface conditions; so that, when once deposited 
with the associated minerals as a hard cementing matrix between the 
pebbles and boulders along the stream bed, the resulting conglomerate is 
necessarily very resistant to erosion and permits cutting of the con- 
stituent boulders rather than removal of these rocks from the matrix 
when attacked by running water. 

The water as it emerges from the serpentine area is clear, but decidedly 
hard and mineralized, as may be recognized by the taste, which is, how- 
ever, not unpleasant. The gradient and rough course of the stream are 
such that the water is continually churned up on the rocks of the minia- 
ture rapids, dashed on the adjoining boulders, and sometimes caught in 
side pools. Under such conditions and in the hot dry summer climate of 
the region, the evaporation is rapid, and the water, which starts out from 
the springs along the head of the stream with possibly only a moderate 
proportion of dissolved mineral matter, very soon reaches a point in its 
course where the saturation is complete enough to cause deposition. In 
this connection it must be remembered that, owing to the great evapora- 
tion during the day, the flow during the latter part of the night and early 
morning is perceptibly greater and side pools are filled and rocks wet that 
later on are left unprotected. The diurnal change in temperature and 
flow are therefore prominent factors in causing the deposition of the 
cement. 

The principal reason why the cementing process is not active in Los 
Gatos creek below the mouth of White creek is because the more easily 


3A discussion of the properties of this mineral, together with references to a con- 
siderable number of papers relating to it, will be found on pages 480 to 490 of Dr IF. W. 
Clarke’s “Data of geochemistry,’ U. S. Geological Survey, Bulletin no. 330, 1908. 
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soluble salts in the former blend with those in the waters of the latter, 
producing a mixture in which the magnesium forms such a small per 
centum that if the cement is deposited it is of such a character as to be 
less coherent and more easily redissolved during the rainy season than 
that formed by White creek. Another reason why there are no deposits 
of the conglomerate now forming along Los Gatos creek (and the same 
conditions were probably prevalent in the past) is because along its lower 
course the bed is largely aggraded and the water before it reaches the 
point of saturation has passed into the underground channel. A prac- 
tically impervious bottom, such as that of White creek where it flows on 
the bedrock or else on the cemented conglomerate, is necessary to the 
formation of the conglomerate, as it prevents the sinking of the water 
into the underground channel before the point of saturation is reached. 
It might be mentioned in this connection that wherever the base of the 
conglomerate was seen it was resting on bedrock. 

A study of the phenomenon described in this paper makes it appear, 


then, that the following conditions are prerequisite to the formation of — 


stream conglomerate of this kind: A small stream carrying im solution a 
high per centum of magnesium carbonate, flowing over a rough, fairly 
impervious bottom, with a gradient steep enough to keep the water in a 


constant state of agitation, and a climate that is arid, at least during a. 


considerable portion of the year, with consequent evaporation of such 
rapidity as to produce a high degree of saturation in the stream before 
it sinks beneath the surface or is diluted by the waters of some other 
stream. 


ToPpoGRAPHIC IMPORTANCE OF THE DEPOSITS 


The conglomerate deposits of White creek have an important effect on 
the topography in building up the valley bottom of an ungraded stream 
and retarding the rate of erosion along the canyon bottom while erosion 
continues to work on the rest of the drainage area. One effect of this 
action is to raise the general level of White creek above that of the stream 
to which it is tributary. The floor of the valley of the former is now 
several feet above Los Gatos creek where the two join, and if the process 
should continue and markedly affect the lower end of White creek, as 
well as its middle portion, as at present it does not, the formation of a 
hanging valley might result. It seems likely that the deposits are being 
extended down stream, for the reason that when the pavement is formed 
absorption of water ito the ground ceases and the stream confines itself 
in a smooth, narrow channel, which allows of less evaporation and less 
deposition of cement, and that therefore the length of the course along 
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FIGURE 1.—STREAM CUTTING RECENT CONGLOMERATE 


Note cutting through of the constituent pebbles in foreground ; undercutting of softer 
Cretaceous sandstone in middle and on right of picture; slope of the conglomerate-sand- 
stone contact on right, indicating deposition of the former in stream trench with steep 
sloping sides; and finally the conglomerate-floored valley bottom, a few feet above the 
present stream level. View looking west up White creek, 14 miles northwest of Coa- 
linga, California. Photograph by the U. S. Geological Survey (Ralph Arnold). 


STREAM CONGLOMERATE IN PROCESS OF FORMING 


FIGURE 2. 


Bed of White creek, showing white crust of calcium and magnesium carbonates, etcet- 
era, cementing the boulders and pebbles into a level pavement. Note narrow channel 
occupied by stream during low water in summer months. View looking up stream, 12 
miles northwest of Coalinga, California. VPhotograph by the U. §8, Geological Survey 
(Robert Anderson). 
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which the stream flows is increased. There is also extension of the de- 
posits during rainy years, when most of the water evaporates lower in 
the course than usual. 

The conglomerate is likewise of importance in forming and preserving 
terraces. There are three causes to which the terraces may be due, 
namely, intermittent uplift of the land, climatic changes, and periodic 
change in the rate of erosion effected by the conglomerate itself. If it be 
supposed that upward movement of the land has taken place in late Qua- 
ternary times, the upper terrace may be explained on the assumption that 
the conglomerate pavement was formed as it is at present being formed, 
that an uplift then occurred, causing the rate of erosion to increase until 
the stream had reached a stage of readjustment by cutting down to the 
level of the present floor, and that the deposition of the modern pavement 
then commenced. Or it may be supposed that a period of heavy or medium 
rainfall, during which the stream bed was widened and a great mass of 
boulders and pebbles of all sizes were gathered along its course, was suc- 
ceeded by a period of aridity, during which the stream, having little 
power to erode and transport, became subject to evaporation and satura- 
tion with mineral matter and the gravel was cemented; and that there 
followed a similar alternation of periods, resulting in the cutting of the 
channel through the terrace pavement and the formation of the present 
pavement at a lower level. The conglomerate itself and its influence on 
erosion may be considered a third factor in the production of the ter- 
races. ‘The stream restricts itself by the deposition of the conglomerate 
in some parts of its course, the water becoming concentrated into a 
smooth, narrow channel through the rock itself; its rate of flow is in- 
creased; the amount of water is increased, owing to the reduction of 
evaporation; there is little chance for the deposition of gravel or of 
cement, and the previously dominant work of building up gives place in 
that part of the stream to erosion. When the pavement is cut through, 
the stream is superimposed in a sharp channel upon the softer underlying 
sandstone. In this formation it cuts down and gradually widens out 
until a flat valley bottom is restored and the process of deposition of, 
cemented gravel is recommenced upon the new grade surface. 

It is improbable that any one of these three factors is unassociated 
with the others in the formation of the terraces. The likelihood is greater 
that the terraces have resulted from a complication of causes, one or the 
other playing the chief part and the others acting as modifying factors. 
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OCCURRENCES ELSEWIHERE 


Similar deposits of stream conglomerate have not been observed along 
other streams in the neighboring region, although the conditions appear 
to be favorable along others that head in areas of serpentine and the 
associated metamorphie rocks. Another instance of the formation of 
hard conglomerate deposits other than travertine by a stream along its 
bed has been noted elsewhere by the junior author. This is in the 
Diablo range about 100 miles northwest of White creek, along the Arroyo 
Mocho south of Tesla, in Alameda county, and is a very similar case in 
which the stream flows out of an area of serpentine and Franciscan meta- 
morphic rocks from which springs of sweetish tasting water issue. ‘he 
region is comparatively arid and the stream subject to partial drying up 
each year. The gravel and sand are cemented into a wide level pave- 
ment of very hard rock, which retards erosion and causes the stream to 
descend in a series of little waterfalls. 'The cement is ight colored and 
probably similar to that of White creek. 

Mr J. 8S. Diller has observed an instance of the cementing of stream 
gravel in situ in a way very similar to that described on White creek. It 
is on Swift creek, a branch of Trinity river, in northern California. The 
stream runs through an area of serpentine and has formed a deposit of 
conglomerate for several miles and cut a channel through it. The 
stream bed is now hardened and the process seems to be continuing. In 
this instance the conglomerate is formed while the stream still flows 
within the serpentine area. This deposit is well known by the inhabitants 
of the region as the “cement rock.” A similar deposit exists on Stuart 
creek, a neighboring fork of Trimity river. O. H. Hershey has made 
reference to the deposit on Swift creek * and considers it to be typical 
glacial till. He describes it as “an unstratified agglomeration of 
boulders, cobbles, pebbles, sand, silt, and clay,” and says that it contains 
glacially striated boulders, and that it is “slightly cemented by the large 
constituent of unoxidized magnesian and calcareous salts,” which he 
believes to be derived from the glacial grinding of the serpentine, of 
which the deposit is largely composed. 


*“Ancient alpine glaciers of the Sierra Costa mountains, in California.’ Journal of 
Geology, vol. viii, January-February, 1900, pp. 49-50. 
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INTRODUCTION 


During portions of the past two field seasons the writer has been en- 
gaged in the areal mapping of the Theresa and Alexandria Bay quad- 
rangles in northwestern New York (Jefferson county). While the main 
problem was the investigation of the pre-Cambrian rocks, the importance 
of a careful study of the Paleozoic series was fully appreciated, since this 
is the region of the Frontenac axis, and since little work has been done 
on these rocks since Emmons studied them, seventy years ago. 

Work was begun about Theresa, where the pre-Cambrian rocks and the 
overlying Potsdam sandstone were studied and mapped. Above the 
Potsdam a series of somewhat calcareous, sandy dolomites with inter- 


1 Published by permission of the State Geologist of New York. 
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bedded weak sandstones was found—a series which is lithologically pre- 
cisely like beds which, in the region farther east, lie between the Potsdam 
and Beekmantown formations and haye always been regarded as “passage 
beds” between these two formations. The work of the first field season 
closed before the beds next overlying had been seen, but it was confidently 
expected that they would be of Beekmantown age and character, since all 
observers who had studied the district had described and mapped this 
formation as present here. 

Before entering on the work of the next field season, application was 
made to the state geologist to, if possible, detail a paleontologist to accom- 
pany me into the field, and Doctor Ruedemann was so detailed. He had 
in a previous season done some sectioning and collecting along the Black 

river, in the Watertown region, and had thus acquired an intimate knowl- 
' edge of the Trenton and Black River formations there, as well as of the 
upper part of the Lowville beneath, though he had published nothing on 
the work. Because of this we commenced work at Watertown, studying 
and mapping such Trenton as occurred within the limits of the Theresa 
quadrangle, with the underlying Black river and upper Lowyille, and 
then carried our work northward and downward in the section. We 
found that the normal fossiliferous limestones of the upper Lowville 
passed downward into similar limestones with an ostracod fauna, and 
that underneath these was a large thickness of other ostracod limestones, 
with interbedded light-colored, impure limestones, which as a whole pre- 
sented a considerable lithologic contrast to the normal Lowville, but 
which, if not Lowville, we were unable to correlate with either Beekman- 
town or Chazy rocks as known to us on other sides of the Adirondack 
pre-Cambrian area. We could find no sharp lithologic line between the 
two limestone groups, except we drew it at the upper limit of the light- 
colored impure beds, and it appeared to us that if we were in reality 
dealing with two separate formations they must of necessity be closely 
related ones. 

At this stage the work was interrupted, our presence being required on 
lake Champlain, at the summer meeting of Section E. At this meeting 
appeared Dr E. O. Ulrich, of the U. 8. Geological Survey, who had come 
to New York for the purpose of studying the Paleozoic section around 
the Adirondack region, his extensive knowledge of the rocks of similar 
age in many other parts of the country rendering it exceedingly desirable 
that he should have a first hand acquaintance with the New York type 
section. In this work he was accompanied by Doctor Ruedemann ; hence 
I returned to the field alone at the close of the meeting. after arranging 
with them that we should meet at Watertown, when they reached that 
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point, and go over the section together. During the week that elapsed 
before they reached Watertown my work substantially completed the sec- 
tion. Underneath the impure limestones already noted as underlying 
the Lowville a series of pure limestone beds was found, which contained 
not only ostracods, but also other fossils in considerable number. Some 
of these were the same as forms occurring in the Lowville above, but 
many were not Lowville species. It seemed to me to be a fauna unlike 
any that I had ever seen elsewhere in the region, to be closely related to 
the Lowville fauna, and certainly to have nothing to do with the Beek- 
mantown. It quickly developed also that this apparently new formation 
rested upon the formation which had been met with during the work of 
the previous season and which had been regarded as Potsdam-Beekman- 
town passage beds. Moreover, it was seen that the one formation rested 
upon the other with marked overlapping unconformity, magnesian lime- 
stones coming in under the fossiliferous limestones with steadily increas- 
ing thickness going westward, while the fossil limestones themselves 
disappeared to the east. A few localities were found which showed the 
contact between the two formations, exhibiting a thin basal conglomerate 
overlaid by calcareous sands and weak, greenish, sandy shales, and these 
beds seemed to appear as a constant base for the series, and to change 
horizon because of the overlap of the formation. It also developed that 
the underlying formation showed considerable and rather abrupt varia- 
tions in thickness along the contact line, which could only be interpreted 
as due to erosion. There was no normal Beekmantown in the section 
and the unconformity shown seemed the most important and prominent 
of any yet noted within the New York Champlainic. This is not sur- 
prising when it is considered that the interval comprises the larger part 
of Beekmantown and Chazy time. 

Here, then, were two formations separated by a prominent unconform- 
ity, both by erosion and by overlap, the lower closely connected with and 
grading downward into the Potsdam, the upper showing close relation- 
ship with the overlying Lowville, though it can not be said that it grades 
into it. I could not correlate the upper with any New York formation 
known to me, and it came to mind that it might represent a near-shore 
edge of the Stones River formation of the interior basin. The lower 
formation neither lithologically nor faunally was normal Beekmantown ; 
it was closely affiliated with the Potsdam, seemed like the passage beds 
between the two formations farther east, required mapping as a litho- 
logic unit separate from the Potsdam, and hence required a name-—at 
least provisionally, until study of the fossils should more plainly set forth 
its relationships; so I dubbed it the “Theresa” formation, from the 
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township of that name, in which it is exposed in its entirety. For 
reasons of similar nature, the name “Pamelia” was applied to the upper 
formation as a provisional name for mapping purposes, to serve until 
time should show whether a specific designation was or was not needful 
for the formation. 

The above results were communicated to Ulrich and Ruedemann on 
their arrival and the fossils were shown them, following which two days 
were spent in going over the section together, with further considerable 
collection of fossils. Their expressed conclusions were confirmative of 
the views above expressed as to the close relationship of the Theresa and 
Potsdam, the absence of the normal Beekmantown, and the probable 
Stones River age of the Pamelia limestone, it thus representing a forma- 
tion heretofore unrecognized in the New York section.? 


THE SECTION p 
IN GENERAL 


A generalized section of the rocks from the pre-Cambrian up to and 
including the lower 50 feet of the Trenton is given in the accompanying 
figure, with the two unconformities also indicated. The figure also 
brings out the fact that two-overlaps occur in the section, and that the 
Potsdam overlap came from the east and was on a surface which sloped 
in that direction, while the Pamelia overlap came from the opposite 
direction, or, more strictly, from the southwest, and that hence the 
former represents the westerly edge of a deposit in an eastern, and the 
latter the easterly edge of a deposit in a western basin. 


‘ 


POTSDAM SANDSTONE 


This is the basal paleozoic member of the region and rests upon the 
eroded surface of the pre-Cambrian rocks. While this surface is dis- 
tinctly and often abruptly uneven, being a ridge and valley surface, the 
irregularities have no great vertical extent, none noted exceeding 75 feet, 
while the majority do not exceed 50 feet ; but the thickness of the forma- 
tion has not been found to be greater than 80 feet anywhere within the 
limits of the two quadrangles, and the general formation thins both west- 


*This informal and somewhat lengthy introduction seems not inappropriate, eyen 
though unusual, since it serves in the first place to indicate the fortunate combination 
of circumstances under which the work was done, and in the second place to set forth 
the part played by each of us in connection with the work, the participation of Ruede- 
mann and Ulrich really amounting to actual collaboration. WPspecially serviceable was 
Ulrich’s intimate acquaintance with rocks of similar age over a wide extent of territory, 
giving great value to conclusions which are backed by his approval. 
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ward and southward, so that the thickness is not greatly in excess of the 
irregularity of the surface upon which it was deposited. It is therefore 
thickest over the old valleys and thinned over the ridges, some of whose 
summits it failed to overtop. 


Ieet 


=I 


. Trenton limestone. Thin bedded, black, 
somewhat shaly limestones, with 
lenses of gray, crystalline limestone. 


6. Black River limestone. Massive black 
limestone, lower portion full of black 
Chenienodulesy carrey etectercecis cis « waren 15-20 


5. Lowville limestone. Blue or dove-colored 
fine-grained limestone, with beds of 
thin shaly limestones, which consti- 
tute nearly one-third of the forma- 
NOM a Motetersvavetetorscs crerstel sterefont she eneve celenels ee . 15-85 


4. Pamelia limestone. Blue and dove lime- 
stone, with intercalated magnesian 
limestones and, in the upper half of 
the formation, much whitish, impure 
limestone and some yellow water- 
lime. A thin basal sandstone and 
OVE VAIS SIGNS Gbgdcenccass Ganocuas 40-130 


3. Theresa formation. Somewhat ecalca- 
reous, sandy dolomites, weathering to 
rotten stone, with interbedded weak 
sandstones, especially near the base.. 20-60 


i) 


Potsdam sandstone. White, yellow 
and red quartzose sandstone, brown 
spotted and weakly cemented toward 
(HS KTOMINIE coeccodbessoopacccgcadad 0-80 


1. Pre-Cambrian. 
Ficure 1.—Generalized Section 


of the Rocks of the Theresa 
Quadrangle. 


In large part the formation consists of a nearly pure and quite thor- 
oughly cemented quartz sand. It shows local thin conglomerates basally, 
which become important only in hollows of the old surface. Where the 
formation rests on Grenville limestone it has sometimes a calcareous 
cement and is weak, but there is no great bulk of rock of this sort. On 
the Alexandria quadrangle there occurs a stratum of very coarse con- 
glomerate several feet in thickness, which begins and ends abruptly, has 
ten or a dozen feet of sandstone beneath it instead of being basal, and is 
a highly puzzling occurrence.* 


2C. H. Smyth, Jr.: 19th Report of New York State Geologist, p. r99 and pl. 23. 
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The sandstone is mostly yellow to brown in color, but some is white, 
and near the base there is locally much red and banded red and white 
rock. ‘The upper portion is more thinly and regularly bedded than the 
lower ; cross-bedding is frequent. The lower portion is very massive and 
very irregularly bedded, with an obvious tendency to be influenced by 
the irregularities of the floor. 

Toward the summit the rock becomes weaker and more friable, with 
frequent brown spots. The cement is in part calcareous and the brown 
spots seem due to the leaching out of the calcareous matter of former 
fossils. The summit bed is a thick but weak sandstone of this type and 
is full of scolithus burrows. In these upper beds linguloid shells oceur 
in considerable abundance, though no other identifiable fossils have been 
seen. A large lnguloid form, whose specific determination is not yet 
settled, is the most abundant. 

In a few localities in the district small patches of no great thickness 
of a red sandstone are found resting on the pre-Cambrian rocks, which is 
much more thoroughly indurated than the normal rock and precisely 
resembles the red rock of the quarries of the type locality at Potsdam. 
Many pebbles of this rock are found in the apparent basal conglomerates 
of the formation here and there in the district and suggest an uncon- 
formity within the formation. Certainly a pause in deposition is indi- 
cated with induration and wear of the red rock, but with as yet no evi- 
dence as to the length of time concerned. 


THERESA DOLOMITE 


The Potsdam grades upward into a formation which consists of sandy 
dolomite layers and beds of weak brown sandstone which are mostly near 
the base and are quite like the upper beds of the Potsdam. The line 
between the two formations is drawn at the base of the first dolomite 
layer, but in all probability this is not a constant horizon over the dis- 
trict. The name given to the formation is mainly intended for local use 
and the necessity for its introduction arises from present doubt as to the 
exact equivalent of the formation elsewhere in the region. 

When fresh the dolomite is a hard and tough, bluish gray rock, which, 
however, quickly weathers to iron-stained sandy crusts. All the beds 


are somewhat sandy. The most characteristic lithologic feature of the _ 


rock is the glittering calcite cleavages which appear on the freshly frac- 
tured surface. These cleavages run up to an inch in length, have a 
somewhat satiny luster, owing to the included sand grains, and are 
produced by the deposit of the calcite cement around the sand grains 
with similar crystallographic orientation; in other words, producing true 
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sand crystals on a small scale. This same lithologic peculiarity is a 
feature of the so-called Potsdam-Beekmantown passage beds farther to 
the eastward, and, so far as my observation goes, is confined to that 
horizon, not appearing in the Beekmantown above. 

In the lower portion of the formation the large Lingula previously 
mentioned is abundant, a gastropod which has not yet been determined 
oceurs at all horizons, occasional cystid plates and traces of other fossils 
are found, and fucoidal markings are frequent on the surfaces of some 
layers. 

The general thickness of the formation over the quadrangle is from 
60 to 70 feet. Like the Potsdam beneath, it thins to the west and appar- 
ently also to the south, though widespread sand deposits hide the decisive 
proof of the latter. In addition to this thinning because of overlap, it 
has also suffered erosion at its summit, owing to uplift (apparently 
slight) and wear during a lengthy time interval. For instance, it has 
a thickness of but 20 feet near the north end of Perch lake (see map), 
though recovering its normal thickness of 60 feet within a mile on each 
side, and the diminution in thickness is by the wearing away of the upper 
beds. Coincidently with this local thinning, the overlying formation 
thickens, showing basal beds which are lacking on each side and plainly 
owing their existence to the surface depression. 


PAMBLIA LIMESTONE 


This is the most interesting formation in the section, since it repre- 
sents the thinned edge of a formation which, while widespread elsewhere, 
has not heretofore been recognized in New York and is probably in exist- 
ence in the state as a surface formation only in this immediate district. 
Because of its wide separation from other areas where the formation 
appears and because it represents only a small portion of the entire for- 
mation, the giving of a local name seems justified, and in Pamelia 
township the entire thickness and both contacts are exposed. 

The formation consists essentially of lhmestone, though the bulk of it is 
not pure limestone. At its base is found a thickness of from 10 to 20 
feet of sandstone and greenish shale, the sandstone being coarse but weak, 
owing to calcareous cement, and somewhat pebbly at the base, while the 
overlying green shales are both sandy and calcareous. Because of their 
weakness, these basal beds are but seldom exposed, though they seem to 
everywhere underlie the remainder of the formation and hence to repre- 
sent a changing horizon, since the formation overlaps on the district from 
west to east. 

The formation has a thickness of from 125 to 150 feet along the west- 
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ern margin of the Theresa quadrangle and somewhat less than half that 
thickness on the eastern border. In the former situation are several 
continuous sections of the lower 60 to 80 feet, but no section of the 
entire thickness is known and no single thick section of the upper por- 
tion. It seems superfluous to give detailed sections in this place. Above 
the sandy base the lower portion of the formation, 50 to 60 feet in thick- 
ness, is composed of alternating beds of blue black limestone, dove lime- 
stone, and gray magnesian limestone. The beds usually run from 1 to 3 
feet in thickness, though the black lmestones may reach a thickness of 
10 to 15 feet. The upper half of the formation lacks the black limestone 
and consists of alternations of dove limestone, gray magnesian limestone, 
light gray to white, thin bedded, impure limestone, and yellow waterlime. 
About midway of this upper half is a horizon where the rocks have a 
pronounced pink tinge through a thickness of from 10 to 20 feet. Out- 
side of the dove limestone beds, most of the material of this upper 
division is thin bedded, and the abundance of light colored layers sharply 
distinguishes it from the lower division. Near the summit certain layers 
contain abundant nodules of coarsely crystalline calcite and sometimes 
celestite as well. At the extreme summit are 10 to 15 feet of more mas- 
sive beds of gray limestone eyerlaid by a thickness of a few feet of white, 
impure beds which are somewhat sandy, and these uppermost white beds 
are regarded as forming the base of the overlying Lowville formation. 
From base to summit the formation carries an abundant ostracod 
fauna. In addition, the black limestones of the lower division carry a 
considerable additional fauna of gastropods, cephalopods, corals, and 
trilobites. There is some evidence that, as the formation thins to the 
east, owing to overlap, these black, fossiliferous limestones occur at 
higher and higher horizons, in fashion similar to the rise of the basal 
sandstone in the same direction. 

Many of the beds of dove lmestone have mud-cracked surfaces. In 
connection with the ostracod fauna and the presence of waterlimes, this 
seems to indicate shallow water and closed basin conditions, similar to 
those which characterized the deposition of the waterlime of the Upper 
Silurian in the state: but the fossiliferous limestones of the lower portion 
of the formation indicate that a period of open water, permitting the 
incoming of a marine fauna, preceded the closed basin conditions. 


LOWVILLE LIMESTONE 


The city of Lowville is some 20 miles up the Black river from the 
southwest corner of the Theresa quadrangle; hence the district here is 
near the type locality of the formation. As exhibited within the quad- 


ee 
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rangle, it is a quite pure limestone formation, with a thickness of some 
75 feet. The upper 20 feet are of pure limestone of blue or dove color 
and are exceedingly fossiliferous. Beneath follow 10 to 15 feet of thin- 
ner, more shaly limestones, with occasional fossils, after which through 
30 feet thickness appear alternations of these thin layers with thicker 
beds of blue or dove limestone, with a basement of 10 feet of massive blue 
limestone, and then the white shaly beds already noted as forming the 
base of the formation. Ulrich suggests the probability of a shght break 
here between the Lowville and the underlying Pamelia, but the horizon 
is seldom exposed, the white beds are quite like those occurring lower 
down in the Pamelia formation, and the possible break has not been 
detected in the field. Instead the one formation seems to grade into the 
other, and it is a difficult matter to draw any line between them. The 
lower part of the Lowville formation carries mainly an ostracod fauna, 
other forms being scarce, though they do appear. “But the lower Low- 
ville ostracoda include species of Leperditia and Isochilina of much larger 
size than any so far observed in the underlying Pamelia.’”* 


BLACK RIVER AND TRENTON LIMESTONES 


These represent formations deposited in a body of water which nearly 
or entirely surrounded the Adirondack region and hence have not the 
local character of the earlier deposits. ‘The Black River limestone has 
its type locality in the immediate region, is about 20 feet thick, is mas- 
sive and black, and its lower half is heavily charged with black chert, so 
that it forms an easily recognizable lithologic horizon. The Trenton is 
thick and has many of the characteristics that it has at the type locality, 
Trenton falls. 


HISTORICAL 


In his report, “Geology of the Second District,’ Emmons divides the 
rocks concerned into the Potsdam, Calciferous (Beekmantown), Birdseye 
(Lowville), Isle la Motte marble (Black River), and Trenton.? No 
detailed sections are given, but his descriptions make it clear that he 
includes in the Calciferous both the Theresa and Pamelia formations, 
except for a trifling thickness of the basal Theresa which he classed with 
the Potsdam. He especially notes the “drab-colored layers of the rock, 
which contain calcite and celestite and which are quarried for water- 
lime at Depauville.” These form part of the light-colored, impure beds 
of the upper portion of the Pamelia formation. Emmons missed the 


4 Ulrich: Letter of March 25, 1908. 
> Geology of the Second District, pp. 377-386. 
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unconformity between the Theresa and Pamelia formations, which is 
but natural, since it takes more detailed work than was then possible to 
disclose it. His correlation was undoubtedly made on the basis of litho- 
logic resemblance, and he evidently had some doubts concerning it. 
Dr J. M. Clarke has called my attention to the fact that Emmons, in his 
“Fourth Annual Report,” describes the Depauville waterlime as if it was 
then his intention to make it a formational name.* At the time he was 
evidently in doubt as to its stratigraphic position, since he states that it 
overlies the Birdseye limestone, as shown at Lafargeville (see map). As 
a matter of fact, the rock at Lafargeville is the fossiliferous limestone in 
the lower part of the Pamelia formation. In the final report Emmons 
does not use the name, distinctly refers the rock at Depauville to the 
Caleiferous, and evidently would have done so in the first place had he 
not thought that it was above the Birdseye. In this report he nowhere 
refers to the rock at Lafargeville, though he maps it as Calciferous on 
his geologic map of the state. It seems, therefore, clear that the name 
was given simply because of the supposed position of the rock above the 
Birdseye, and was abandoned so soon as that was seen to be an error. 
There would seem, therefore, no reason for rehabilitating the name, espe- 
cially since the rocks concerned only constitute a small part of the forma- 
tion which it is proposed to call Pamelia. Hither term is new to present 
usage, and the one chosen seems less unwieldy and more euphonious than 
the other and serves much better as a type locality for the formation. 

In 1896 C. J. Sarle was sent into the district to map formation bounda- 
ries for the proposed new geologic map of the state. His results appear 
on the geologic map of 1901, but his manuscript report has never been 
published. His work necessitated a hurried examination of a large area 
and gave no opportunity for detailed study. From his manuscript it ap- 
pears clear that he included the Theresa formation in the Potsdam and 
considered the Pamelia limestone to be Calciferous. The fossiliferous 
lower Pamelia, however, confused him, as it did Emmons, and he mapped 
it in part as Lowville; so that while the mapped patches of Calciferous 
in this district on the map of 1901 represent Pamelia formation, they do 
not represent it all. His mapping of the Theresa with the Potsdam 
represents an important advance over Emmons’ position, since he thus 
puts the line between the Cambrian and Lower Silurian at the horizon 
of the unconformity, instead of including rocks both below and above 
the unconformity in the same formation (Calciferous), as was done by 
Emmons. 


® 4th Annual Report, p. 324. 
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In his study of the pre-Cambrian rocks of the district in 1899, Smyth 
encountered the Theresa formation, and mapped it with and included it 
in the Potsdam formation, as Sarle had done, though not aware of Sarle’s 
work and results.* Thus he also realized the close relationship between 
the two formations and the impossibility of drawing any sharp line be- 
tween them. 

Grabau (1906) writes of the stratigraphy of the general area, though 
not of the immediate district.* In his paper Professor Grabau is using 


the district as illustrative of a general proposition which he is seeking to. 


establish. He states that at Lowville, 25 miles southeast from Water- 
town, “the Lowville limestone overlaps the preceding formations and 
rests, with a basal sandstone, upon the crystallines.” He argues that the 
sandstone and Calciferous sandrock thinly present in the section represent 
an arenaceous base of the Lowville and have nothing to do with the Pots- 
dam and Beekmantown formations. In this he is unquestionably cor- 
rect, though as a matter of fact what is actually present in the Lowville 
section is probably the full thickness of the Lowville limestone and the 
thinned shore edge of the Pamelia underneath. The section here will 
receive further consideration later. 


SUMMARY OF THE GENERAL SECTION 


It appears, then, that in the district north of Watertown we have four 
separate lithologic units beneath the Black River limestone which require 
areal mapping, and that these four units are separable into two pairs of 
closely related formations with an intervening large unconformity, the 
Potsdam and Theresa formations beneath and the Pamelia and Lowyville 
above. Eastward from the district the Potsdam sandstone may be fol- 
lowed as a continuous formation every step of the way to lake Champlain, 
with steady increase in thickness eastward, so that it attains a thickness 
of 1,000 feet or more in the Champlain region. Everywhere along the 
same line, except for a small gap in the immediate region where it is 
absent, owing to recent erosion, the overlying Theresa formation is also 
found, becoming to the eastward the so-called “passage beds” between 
the Potsdam and the overlying Beekmantown.* The Beekmantown of 


this northern area is sorely in need of detailed study. It certainly 
thickens eastward, but precise data for making comparison between the 
eastern and western sections are unfortunately lacking. 


7C. H. Smyth, Jr.: 19th Geological State Report, p. 198. 
§ Bull. Geol. Soc. Am., vol. 17, pp. 584-585. Science, vol. 22, pp. 531-532. 
°C. D. Walcott: Bulletin no. 81, U. S. Geological Survey, pp. 344-346. 


eee ee eee eee eee SSS 


166 H.P. CUSHING—PALEOZOIC IN NORTHWESTERN NEW YORK 


From their areal distribution it is clear that these two formations rep- 
resent the thinned, shoreward edges of deposits in a basin which chiefly 
lay to the eastward and which reached the immediate district only at the 
time of its greatest westward extent. This appears to be the limit of 
Upper Cambrian subsidence in this direction; a considerable land area to 
the westward which received no Potsdam and Beekmantown deposits 
must be postulated, and the fact that true Beekmantown deposits never 
even reached the district would indicate that the subsidence here per- 
sisted but a short time and was followed by low uplift, causing the shore- 
line to work back eastward. This tendency to a contraction of the em- 
bayment, or at least to a shifting of its shores away from the immediate 
region, seems to have persisted through all of Beekmantown and much 
of Chazy time, limiting the deposit of these formations to the east and 
north sides of the Adirondack region and giving rise to a low land area 
in the northwest district which underwent some erosion. Renewed sedi- 
mentation here was inaugurated by a depression which came in from the 
southwest, changing the former eastern slope of the surface to a westerly 
inclination, so that what had been the westerly shoreline of the Potsdam- 
Theresa bay became the easterly shoreline of this new invasion, the two 
overlapping slightly, so that we find here the thinned shoreward edges of 


both sets of formations, one above the other. The Pamelia formation | 


was deposited in this depression, followed by the Lowville, Black River, 
Trenton, and Utica. Meanwhile the sea was rapidly extending itself 
over the whole northern New York region; so that, beginning with the 
Black River, we find connecting seas and similar deposits and faunas on 
all four sides—the first time in its geologic history that this had been 
the case. 


THE CANADIAN SECTION 


Across the river in Canada more erosion has taken place than on the 
New York side, because of which the pre-Cambrian isthmus which con- 
nects the Adirondack mass with the Canadian protaxis is broader, and 
the deposits of the earlier eastern and later western basins are not found 
in juxtaposition as they are in New York. On the east side of the 
isthmus the Potsdam sandstone is found resting on the crystalline rocks, 
beyond which follow in succession the normal deposits of the eastern 
basin—Beekmantown, Chazy, Lowville, etcetera—as one passes north- 
eastward. On the west side of the isthmus, around Kingston, is a basal 
sandstone with calcareous cement, the Rideau sandstone of Ami, above 
which is a small thickness of impure, reddish limestones, followed by the 
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Lowville and Black River.'° These are unquestionably the deposits of 
the western basin. The Rideau sandstone represents the basal Pamelia 
sandstone. Only the thinned edge of the Pamela limestone formation 
appears here, if indeed it really occurs at all, which is to be expected, 
since the invasion came from the south. On the other hand, the impure 
reddish limestones, as the writer has seen them about Kingston, corre- 
spond excellently lithologically with the pinkish beds in the upper divis- 
ion of the Pamelia and are quite unlike any of the Lowville formation 
on the New York side. It may well be, therefore, that there is actually 
present here a thinned edge of the Pamelia formation, in which case 
Ami’s correlation of the Rideau sandstone with the Chazy would be 
nearer the mark than the Black River age assigned to it by Wilson and 
Grabau.** 


SECTIONS ALONG THE BLack RIVER 


Following up the Black River from the southeast corner of the 
Theresa quadrangle, the trend is southeast, the south line of the Pots- 
dam embayment is soon crossed, and the Potsdam and Theresa forma- 
tions disappear. The direction is first east, or toward the supposed 
Pamelia shoreline, and then south-southeast parallel with it. It is not 
yet certain whether any of the Pamelia formation occurs up the valley, 
or whether the Lowville rests directly on the pre-Cambrian. The nearest 
approach to detailed work in the district known to the writer is the work 
of Sarle in 1896 for the geologic map. From his manuscript the follow- 
ing statements are taken : 


“Three miles below Carthage the base of the Birdseye (Lowville) and the 
Calciferous sandrock (Beekmantown) are exposed. In excavating a wheel 
pit for a paper mill at this point, rock was removed to a depth of 6 feet below 
the river level, the last 4 feet being a gritty sandstone of uniform texture. 
weathering to a green or dull red color. This probably represents the upper 
beds of the Potsdam. North of the paper mill a cut made in laying a branch 
of the Clayton railroad exposed the upper layers of the Calciferous sandrock. 
From the material of this excavation several specimens of ostracods were 
obtained.” 


Carthage les 10 miles southeast of Leraysville, which is on the Pamelia 
formation near the east edge of the Theresa sheet (see map). Sarle’s 
descriptions certainly suggest that his Potsdam is the Pamelia sandstone 
and his Calciferous the upper impure Pamelia limestone with its ostracod 


” Bull. Geol. Soe. Am., vol. 13, pp. 517, 518. 
1 Canadian Record of Science, vol. ix, p. 132. Bull. Geol. Soc. Am., vol. 17, p. 584. 
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fauna, though it is possible that the horizon may be the lower Lowville. 
Identification of the ostracods would settle the question : 

“Two miles above Port Leyden is a railroad cut through a rock which corre- 
sponds to the Calciferous in horizon. This rock is thick bedded in the upper 
part and is generally tinged with a pinkish color. The probable line of de- 


marcation between this and the Birdseye limestone is a band of friable sand- 
stone of a dingy color.’” 


Port Leyden is some 45 miles up the river from Carthage, the direc- 
tion about south-southeast. The interval is so great that correlations 
are unsafe, but the description recalls at once the pinkish beds of the 
upper Pamelia and the similar beds underneath the Lowyille in Canada. 

Between Port Leyden and Carthage, Sarle notes several localities 
where the “Calciferous” is exposed and three where the underlying “Pots- 
dam” is seen. On Roaring creek, near Martinsburg (just south of Low- 
ville and midway between Port Leyden and Carthage), he notes a con- 
tinuous section down to the gneiss and estimates thickness as follows: 
Black River limestone, 10 feet; Lowville, 40 to 45 feet: Calciferous, 20 
feet, and Potsdam sandstone, 4 feet. The latter is dark red and has a 
calcareous cement. 

In his paper Sarle’s estimates of thickness are generally underesti- 
mates. If the thickness of the Lowville as given is accurate, then the 
added thickness of the underlying “Calciferous” and “Potsdam” gives 
a total thickness which is quite comparable with the thickness of the 
Lowville in the Theresa section: but if this thickness is underestimated. 
it is most probable that his underlying beds really represent the thinned 
edge of the Pamelia formation. Unless the Lowville changes much in 
character in the interval between Lowville and Watertown, no one would 
ever think of calling any of it “Calciferous,” even though expecting to 
find that formation underneath the Lowville, whereas much of the Pa- 
melia is lithologically quite lke much of the Beekmantown. If the 
Pamelia be present, it has unquestionably a thickness of but a few feet, 
so that its basal sandstone has risen in horizon nearly to the base of the 
Lowville. The formation has, however, thinned to 50 feet on the eastern 
margin of the Theresa quadrangle. 

The fact that for so many miles along the Black river, namely, from 
Carthage to Port Leyden, the section seems substantially the same, the 
full thickness of the Lowville, with a few feet of possible Pamelia be- 
neath, and then the basal sandstone. would seem to indicate that the 
valley here follows closely the trend of the old shoreline of the Pamelia 
sea, and that, if Sarle’s estimate be correct. we have a thickness of some 
25 feet of the Pamelia formation along it. At right angles to this line 
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the formation should thicken westward and thin out to zero in the oppo- 
site direction. Its presence in force to the west is no doubt indicated by 
the great thickness of limestone underneath the Utica, which is reported 
in all the deep wells of that general area. The prolongation of this line 
northward beyond Carthage would lie about 5 miles east of Leraysville 
on the east edge of the Theresa sheet. About Leraysville the Pamelia 
thickness is some 50 feet, which is increased to about 125 feet on the 
western edge of the quadrangle. This rate of change in thickness would 
just about reduce the 50 feet thickness at Leraysville to the assumed 25 
feet thickness shown along the river valley in the distance of 5 miles east 
from Leraysville to the prolongation of this line. 


AGE OF THE THERESA AND PAMELIA FORMATIONS 


It has been argued that the Potsdam of this district is necessarily of 
more recent date than the Potsdam of the Champlain region, since the 
Potsdam deposits progressively encroached from east to west on a slowly 
sinking floor; hence that, while the Potsdam of the immediate region 
was being laid down, Beekmantown dolomites were forming on the 
Champlain meridian. While within certain limits this is no doubt true, 
it is quite possible to unduly emphasize the difference in age. The Pots- 
dam is a continuous formation from one district to the other and carries 
the same fauna throughout in its upper portion. It 1s everywhere over- 
laid by the passage beds of the Theresa formation, up into which some of 
its fossil forms run. To the writer it has long seemed that the universal 
upward gradation of the Potsdam into the Beekmantown rendered it ex- 
ceedingly improbable that the line between the Cambrian and Lower 
Silurian systems was properly drawn at this horizon, and this view has 
been emphasized for some time in correspondence with the State Geolo- 
eist’s office. The same omnipresent relations between the two formations 
in Canada forced Ells to a similar conclusion, though his method of 
avoiding the difficulty was by moving the Potsdam up into the Lower 
Silurian.” 

The writer’s argument has been that at least some portion of the Beek- 
mantown should be classed with the Potsdam as Saratogan or Upper 
Cambrian. It was realized that in those portions of basins of subsidence 
remote from shorelines lack of breaks between systems might well occur ; 
but the deposits in question in northern New York were all laid down 
at the edges of basins and near shorelines, and it seemed that in such 
situations breaks between formations should be the rule. 


“2 Transactions of the Royal Society of Canada, 1894, section iy, pp. 21-30. 
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In their work in the Champlain valley the past season Ulrich and 
Ruedemann detected an unconformity within the Beekmantown at the 
summit of Brainerd and Seely’s Division A, and are disposed to argue 
that this lower division should be separated from the rest of the forma- 
tion and classified in the same system as the Potsdam beneath, making 
the Lower Silurian commence with Division B of the Beekmantown. 
With this conclusion the writer heartily agrees, and regards the argu- 
ment as to the Beekmantown age of the Potsdam sandstone of the 
Theresa district as sound only in so far as the correlation is made with 
the beds of Division A which are below the break and which are regarded 
as not properly Beekmantown at all. The Potsdam and Theresa forma- 
tions are regarded as closely related and as to be classed in the same sys- 
tem. How far west up the Saint Lawrence valley the true Beekmantown 
deposits extended is not known, but it does not appear that they ever 
reached the Theresa district. 

The correlation of the Pamelia formation is entirely due to Ulrich 
and the evidence will be set forth by him. He regards it at present as 
equivalent to the whole or a part of the upper division of the Stones 
River formation, as shown in the Chambersburg, Pennsylvania, quad- 
rangle, where the entire formation has a thickness of some 800 feet, and 
consists of lower, middle, and upper divisions.** Lest this reference 
should seem to make it equivalent to the Lowville, it should be noted 
that Ulrich no longer regards the Lowville as of upper Stones River age, 
but puts it above that formation, his present view being that the upper 
Stones River of the Chambersburg section, with which he correlates the 
Pamelia, is separated from the Lowville horizon by a thickness of 200 
feet of limestone with an Upper Chazy: fauna.** The unconformity be- 
tween the Theresa and Pamelia formations in the New York section is 
represented at Chambersburg by a 2,600 feet thickness of limestones, 
2,000 feet of Beekmantown, and 600 feet of lower and middle Stones 
River age.2> It should be stated also that the lower and middle divisions 
of the Stones River formation are regarded as essentially equivalent to 
lower and middle Chazy in time, but that the comparatively small Chazy 
basin was at this time entirely separated from the much larger sea to the 
south and west in which the Stones River deposits were laid down. 
“Finally the upper Stones River or Pamelia is only partially represented 


13 Letter of November 19, 1907. 
14 Winchell and Ulrich: Geological Survey of Minnesota, vol. iii, pt. 2, p. xe. 
Ulrich and Schuchert: Bulletin no. 82, New York State Museum, p. 641. 
15 Letter of November 19, 1907. Ulvrich’s more extended studies, as contained in his 
letter of March 25, 1908, lead him to regard this break as of even greater magnitude, 
the Theresa not representing the summit of the underlying formation. 
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in the Chazy section hy the dove reef limestone at the base of the upper 
Chazy.”?° 


COMPARISON WITH THE CHAMPLAIN AND MoHAWK SrEcrions 


Champlain valley. Mohawk valley. Watertown district. 


Black River and Lowville, 40 to f Black River, 0 to 14 feet.| Black River, 20 feet. 


60 feet. Lowville, 0 to 25 feet. | Lowville, 60 to 75 feet. 
( Upper, 200 feet........ ReAMomerits, 0rd a ae Wie Absent. 

Chaz 4 Reoseonsadoonsoub egosee eerie eerste cc eS ge oe Pamelia, 40 to 140 feet. 
v4 Middle, 350 feet........ HAtOSeniG tae secede ote | Absent. 
(Bowerman S4 Ole cope: os my AUlocemitam ey ere etan aan | Absent. 


Division F, 470 feet.| } 
Beekman- }| Division D, 375 ‘ . : 
toot Division C. 350 “| } Absent Dea Gee Tite tee Be, Absent. 
| Division B, 295 ‘ .| J | 
Saianieaniearieeeeeiaeeeerieereeriraceeresee nee EE Unconformity. 


Beekmantown, A, 310 feet. Little Falls dolomite, Bee : 
Passage beds, 30 to 75“ 500 (2) feet. \ Theresa, 20 to 60 feet. 


Potsdam s:ccsehraste said ction IMD Semitahes) \as-Got le Acros Potsdam. 


The above correlation table is a modification of a more extensive table 
sent me by Ulrich as representing his views. We are in agreement in 
everything excepting perhaps the age of the Little Falls dolomite of the 
Mohawk valley, which is tabulated in accordance with my view instead 
of his. The determination of the age of the Pamelia formation and the 
recognition of the unconformity in the Champlain-Beekmantown are 
wholly Ulrich’s. 

In the Champlain valley sedimentation was in bulk and was compara- 
tively uninterrupted during the Upper Cambric and Lower Siluric, ex- 
cept for the unconformity previously noted, and the deposits shown there 
today were laid down somewhat more removed from the margin of the 
subsiding basin than was the case in the Mohawk and Watertown dis- 
tricts, where the deposits were marginal, hence thin and more interrupted 
by breaks produced by oscillations of level. With the oncoming of Black 
River deposition we find for the first time evidence of connecting seas 
on all four sides of the Adirondack region, thus initiating the great 
depression of the succeeding Trenton and Utica epochs, when New York 


16 Ulrich: Letter of March 25, 1908. 
XVII—BULL. Grou. Soc. AM., VoL. 19, 1907 


172 H.P. CUSHING—PALEOZOIC IN NORTHWESTERN NEW YORK 


State was nearly or entirely submerged for the only time in its geologic 
history, the early pre-Cambrian possibly excepted. The Lowville lime- 
stone, while typically developed on the south and west sides of the region, 
is but thinly developed in the Champlain valley, and is not sharply de- 
limited from the formations above and below, as in the Mohawk and 
Black River valleys. 

In the Watertown district the full thickness of the Lowville is shown 
with a closely related formation (the Pamelia limestone) beneath. This 
shows considerable thickness only within the Clayton and Theresa quad- 
rangles, and rapidly thins eastward, owing to overlap; so that in the 
upper Black River valley only a thin edge of it is exposed and the over- 
lying Lowville practically rests on the pre-Cambrian rocks, not only the 
Pamelia but also the Potsdam and Beekmantown being absent. The 
Pamelia has entirely disappeared by the time the upper Mohawk region 
is reached, and there the Lowville rests unconformably on the somewhat 
eroded surface of the Little Falls dolomite, the local name applied to the 
supposed Beekmantown of the Mohawk valley. The Lowville here is 
much thinner than in the Black River valley, and both it and the over- 
lying Black River limestone are thin and patchy in distribution through 
the entire length of the valley, owing firstly to unevenness of floor on 
which they were deposited, and secondly to their representing the extreme 
northerly edge of their basin of deposit with little subsidence and some 
local oscillation prevailing along the shore.** 

The Chazy deposits of the Champlain region were deposited in the 
restricted Chazy basin, as named by Ulrich and Schuchert, and during 
most of this period the Mohawk and Black River regions were out of 
water, as was apparently the larger part of the state; but during the 
latter part of Chazy time this land area underwent depression, which 
crept in on the district from the south and west and finally reached the 
Black River district, as shown by the Pamelia limestone there. This 
formation is older, but not greatly older than the overlying Lowville, and 
its basin of deposit was separated from the Chazy basin by a land barrier 
of considerable size, of which the whole Mohawk Valley region formed a 
part, the northerly edge of the Stones River migration on that meridian 
being buried beneath younger rocks somewhere in southern New York or 
northern Pennsylvania. The advancing Pamelia shoreline must have 
had a trend of about north-northwest in northwestern New York, as has 
already been shown. The Pamelia represents a formation deposited in 
Chazy time, but in a wholly separate basin. According to Ulrich, there 
was but scanty deposition in the Chazy basin during Pamelia time. 


17 Bulletin no. 95, New York State Museum, pp. 390-391. 
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As in the case of the Chazy, much of the Beekmantown formation is 
confined to the Chazy basin and its southward extension, and did not 
reach westward into the Mohawk and Black River districts; so that 
through this time also there was land extension in both these directions. 
The Beekmantown basin did, however, extend up the Saint Lawrence 
valley for a distance, though it never reached the Theresa district. Until 
the Beekmantown of the Saint Lawrence valley receives more detailed 
study, a definite comparison of it with the Champlain-Beekmantown is 
not possible. It is clear that it thins westward to complete disappear- 
ance and that the entire formation is not represented. ‘The writer has 
been over the ground, but the work was of hurried character and done 
twelve years ago, and the drift cover is so heavy that outcrops are few. 
He is decidedly of the opinion, however, that it is the base which disap- 
pears westward instead of the summit. Such sections as that down the 
Raquette from Potsdam to below Norwood show Potsdam sandstone fol- 
lowed by the passage beds of the Theresa formation, above which quite 
fossiliferous hmestones come in after a very short vertical interval. The 
fauna has never been studied, but it is certainly much more lke the 
rather abundant fauna of the upper divisions of the Beekmantown than 
like that of Division C. . This means that uplift took place after the de- 
posit of the Theresa formation, and that the break in the Champlain 
valley between Divisions A and B is the same break as that in the Theresa 
district between Theresa and Pamelia formations, though of much less 
magnitude; hence that the uplift involved both the Saint Lawrence and 
Champlain valleys, and that the renewed depression which inaugurated 
the Beekmantown was at first confined to the Champlain trough and its 
southward extension, and later sent a-bay up the Saint Lawrence trough 
with progressive encroachment westward. ‘The unconformity in the 
Champlain valley is of less magnitude than that about Theresa by at 
least 2,200 feet thickness of Beekmantown and lower and middle Chazy 
rocks which are present in the one and absent in the other district. It is 
to be noted that this reexpanded Beekmantown basin had somewhat dif- 
ferent outlines from its upper Cambrian predecessor, probably not reach- 
ing the Theresa region at all, while in Canada the Beekmantown overlaps 
the Potsdam onto the pre-Cambrian. The Chazy sea also had a bay in 
‘this direction whose extent is unknown, but which in Canada overlapped 
the Potsdam and Beekmantown onto the pre-Cambrian. Grabau argues 
that the basal sandstones of these sections are of Beekmantown and Chazy 
age instead of being Potsdam, this view being based on the supposed con- 
tinuity of the section.** While it is quite possible that there may be 


18 Bull. Geol. Soc. Am., yol. 17, pp. 584-585. 
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basal Beekmantown and Chazy sandstones in the sections, it is also likely 
that in many places the Potsdam is also present, and that the unconform- 
ity can be recognized there as in New York. Grabau also urges that the 
Beekmantown of these Canadian areas represents only the upper part of 
the formation as it exists in the Champlain valley, which view is pre- 
cisely that urged here for the Beekmantown on the New York side. 

In the correlation table on a previous page the Little Falls dolomite 
(the local name for the representative of the supposed Beekmantown of 
the Mohawk valley) is given as the equivalent of Division A of the 
Champlain valley and of the Theresa formation of the Watertown region. 
It should be frankly stated at the outset that this is the element in the 
table whose precise position and relationship is quite uncertain. This is 
owing in part to its unfossiliferous character and in part to the fact that 
the formation is separated by gaps from the other districts, so that it 
can not be directly traced from one to the other. In a recent publication 
the writer has argued that at least all the upper fossiliferous Beekman- 
town (Divisions D and E) of the Champlain valley is absent along the 
Mohawk.?® Ulrich’s discovery of the unconformity between Divisions 
A and B in the Champlain valley, necessitating the separation of Division 
A from the Beekmantown formation, at once raises the question as to 
whether the entire Little Falls dolomite may not le below the horizon 
of the unconformity and hence not be Beekmantown at all, but be prop- 
erly correlated with Division A and the Theresa formation and possibly 
even with the Potsdam. ‘This was at first Ulrich’s view, and still seems 
to the writer the one most in accord with the evidence as it can be gleaned 
from the New York sections, and hence it is the one adopted in the corre- 
lation table, though with open admission that the evidence is far from 
conclusive. Ulrich’s later and more refined studies have led him to 
prefer a somewhat different view, though he does not regard any of the 
formation as of Beekmantown age.”° 

There is a second doubtful matter connected with the Little Falls dolo- 
mite, namely, whether or not it is a single formation. Vanuxem care- 
fully distinguished the upper portion of the formation, the so-called 
“fucoidal layers,” from the remainder, and he has been followed in this 
by most other observers in the district.2* In the main the few fossils 
found in the formation have come from these fucoidal layers. According 


2 Bulletin no. 95, New York State Museum, pp. 389-390. 

20 While Ulrich’s present views are of the greatest interest, they are based on the 
study of a mass of unpublished material, which renders it impossible to discuss them 
here. It is greatly to be hoped that his results may be published in the near future. 

21 Vanuxem : Geology of the Third District, pp. 30-37. 

Darton: 13th Annual Report State Geology, pp. 417-422. 
Cumings: Bulletin no. 34, New York State Museum, pp. 434-435, 441-442. 
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to Cumings, they have a thickness of 250 feet at Cranes village, two 
miles below Amsterdam and about 37 miles down the river from Little 
Falls. At Little Falls their thickness is only a few feet, so that they 
apparently thin rapidly westward. At the type locality of the Little 
Falls dolomite, therefore, these layers barely appear, while down the 
river they attain considerable thickness. At several localities Lingulella 
acuminata and Ophileta complanata are reported from the formation, 
and Cumings reports in addition two species of undetermined lamelli- 
branchs. Hall figures a few other forms in volume 1 of the Paleontol- 
ogy. This fauna seems to the writer to indicate a probable equivalence 
of these fucoidal layers with the Theresa formation and Division A, or at 
least that they are no older. If this be correct, then either the bulk of 
the Little Falls dolomite is of substantially the same age or else there is 
an undiscovered unconformity between it and the “fucoidal layers.” 
Until search has been made for evidence of such a break and until the 
fauna of the fucoidal layers is better known, the precise age of this for- 
mation must remain uncertain. 


CoNncLUSION 


It has been shown that four formations—the Lowville, Pamelia, 
Theresa, and Potsdam—are present underneath the Black River lime- 
stone in the Watertown region, and that there is a great unconformity, 
both by erosion and by overlap, between the Theresa and Pamelia forma- 
tions. The Pamelia formation is of upper Stones River age, and thus a 
formation hitherto ynrecognized in the New York section. It is thought 
that the unconformity mentioned can be traced down the Saint Law- 
rence valley to the Champlain meridian and represents the expanded 
western representative of the break discovered by Ulrich in the Cham- 
plain valley between Divisions A and B of the Beekmantown. It is also 
thought that it represents the proper line of division for northern New 
York between the Cambrian and Lower Silurian systems, thus relegating 
to the Cambrian nearly 400 feet of strata which have hitherto been 
classed as Beekmantown. As thus restricted, the New York Beekman- 
town had much the same distribution as the succeeding Chazy, being laid 
down in an eastern basin, from which an arm projected westward up the 
Saint Lawrence trough, while the remainder of the state was mostly or 
entirely above sealevel. 

The writer has recently discussed the early Paleozoic oscillations of 
level in northern New York, as indicated by the evidence in hand at the 
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time the reports were written.22. The work was done and the first of the | 
two reports transmitted for publication before the very important paper | 
of Ulrich and Schuchert on “Paleozoic seas and barriers in eastern North | 
America” came to hand.?* In this paper the same matters were dealt | 
with as details of a much larger theme. The observations set forth in 
the present paper necessitate slight modifications in these previously ex- | 
pressed views. The extent and importance of the unconformity hick 
is here held to mark the proper line of division between the Cambrian 
and Lower Silurian systems indicates uplift of the entire region at the 
close of the Cambrian, with the succeeding Beekmantown depression 
limited to the Chazy basin. The invasion of the western part of the state * 
by the Stones River waters must be made somewhat earlier than had | 
been thought to be the case, and during Pamelia deposition a land barrier 
existed between these western waters and those of the Chazy basin. | 
Ulrich has a mass of evidence of other oscillations and correlations, all | 
of which he has most generously placed at my disposal; but the evidence | 
comes from without the state, is unfamiliar to me, and as it is not essen- | 
tial to the present paper, which is concerned with the positive results of | 
the New York work, it is not touched upon, since it is greatly to be | 
hoped that he will himself be able to publish it in the near future. 


2 Bulletin no. 77, New York State Museum, pp. 51-65, and Bulletin no. 95, pp. 386- 
394. 
23 Bulletin no. 52, New York State Museum, pp. 633-644. 
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INTRODUCTORY 


For the past twenty or twenty-five years the colorless transparent topaz 
crystals from the Thomas range of Utah, with their many crystal faces 
and wonderfully brilliant luster, have been very familiar objects with all 
mineral collectors. Although this interesting occurrence has been briefly 
described by several writers and the crystals have been accurately meas- 
ured and figured,? but little information of a detailed nature has been 


1 Manuscript received by the Secretary of the Society March 17, 1908. 
2 Alling: “On the topaz from the Thomas range, Utah.” American Journal of Sci- 
ence, vol. 33, 1887, p. 146. 
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furnished as to the actual environment and as to the conditions under 
which they were formed. An opportunity to study the crystals and the 
rocks in which they occur was afforded the writer by a visit to the locality 
during the early part of last summer, and the observations made at that 
time and a more leisurely study made of the large amount of material 
collected furnish the excuse for this paper. 

The discovery of this topaz locality was first made by Henry Engel- 
mann, geologist of an expedition across the Great basin of Utah con- 
ducted by Captain J. H. Simpson in the year 1859.* 

This discovery of Engelmann appears to have been forgotten or over- 
looked, probably because of his rather vague description of the locality. 
In 1884, however, the same locality was visited by Professor J. E. Clay- 
ton, of Salt Lake City, and numerous specimens collected. Since that 
time many others have journeyed to the place for the purpose of collect- 
ing the crystals. 

In 1886 Whitman Cross published a very brief description of the topaz 
crystals of the Thomas range and of the rock in which they occur. Mr 
Cross, however, did not visit the locality, but was indebted for the scant 
material at his service and for information concerning it to the kindness 
of Professor Clayton. His description is quite accurate, so far as his 
information went, and is given in connection with a fuller description of 
a very similar occurrence at Nathrop, Colorado, in a paper entitled “On 
the occurrence of topaz and garnet in lithophyses of rhyolite.”* 

A further very brief description of this occurrence has been furnished 
by Arthur J. Jones, who visited the place in 1891.° 

Further brief mention of these topazes, aside from the communication 
by A. N. Alling, as given above, are made by G. F. Kuntz® and by-O. C. 
Farrington,’ who gives an excellent colored illustration of the wine- 
colored crystals clustered in a lithophysal cavity. 


LocaTIon 


The exact locality in which these topaz crystals are found is in one of 
the desert ranges of Utah designated by Clayton the Thomas range and 


3 Report of explorations across the Great basin of the Territory of Utah, etcetera, by 
Captain J. H. Simpson, Engineer Department, U. S. Army. Washington, 1876, p. 324. 

4 American Journal of Science, vol. 31, 1886, p. 432. 
5 Topaz crystals of Thomas mountain, Utah. Proceedings of the Iowa Academy of 
Science, vol. 2, pp. 175-177. 

6U. S. Geological Survey, mineral resources, 1883-1884, p. 738; U. S. Geological Sur- 
vey, mineral resources, 1892, p. 764. Gems and precious stones, p. 67. New York, 
1892. 

7Gems and gem minerals, p. 121. Chicago, 1903. 
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located about 40 miles north of Sevier lake and a little more than that 
distance northwest of the town of Deseret. The name Thomas range is 
not, however, familiar to residents of Deseret and vicinity, who refer to 
it as the Dugway range and who speak of the topaz locality proper as 
Topaz mountain. As will appear later, the crystals of topaz are not lim- 
ited to a definite portion of the range, but are found scattered throughout 
a rhyolite formation that extends many miles to the north and west; but 
as the crystals are extraordinarily abundant at this particular place, it 
will be convenient to refer to the locality as “Topaz mountain.” 

On the most direct road from Deseret to Topaz mountain one passes 
through a small range locally known as the Drum mountains, which are 
composed—as far as visible from the road—of blue limestone and quartz- 
ite, with flows of basalt and rhyolite and probably also of andesite. Sev- 
eral small mines -and prospects with copper and gold ores have been 
worked here in the past and were under active investigation at the time 
the writer visited the region. 

In these so-called Drum mountains, and close to the above mentioned 
mines, is located the postoffice called Joy, in Juab county. Eigh/ miles 
northwest of Joy, and also in Juab county, is the Topaz mountain. 


Drscription oF Topaz MountvAIN 


On the east side the range, of which Topaz mountain is a part, stands 
up very conspicuously, like a sharp ridge, and may be seen for many 
miles. Its color is a very light gray or almost white compared with the 
dark brown to reddish colored hills that are seen to skirt the ridge on the 
north and south and that run out some 2 miles to the eastward and form 
foothills to the main mountain mass. As a matter of fact, however, 
except for a spur some half mile in length that runs out southeasterly 
from the main crest and nearly at right angles thereto, the mountain 
mass does not form a ridge, but is rather a greatly dissected tableland 
that rises very precipitously on the southeastern face for a distance of 
some 4 or 5 miles to an estimated height of 1,000 or perhaps 1,200 feet 
above the base, but that to the westward and northwestward stretches out 
apparently indefinitely. 

The rocks that form this part of the Thomas range are volcanic in 
origin and lie upon a level or more or less rolling platform of sedimenta- 
ries of age unknown to the writer, but quite possibly Carboniferous. The 
only sedimentary rock actually seen, except some of voleanic origin, was 
a bluish gray limestone that lies horizontal in the nearly level stretches 
southeast of the range. On this limestone lies a buff-colored rhyolitic 
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tuff of varying thickness, and on this in turn a succession of lava flows, | 


beginning with andesitic types, or perhaps locally with andesitic breccias, 


and ending with the more acid rhyolites. At the base of these rhyolite 


flows is to be seen, locally developed, a thin flow of obsidian that may be 
quite free from crystals or crystallization products or that may locally 
develop small solid spherulites. 

The rocks that form the outlying foothills on the east and southeast 
and that are referred to above as having a dark brown or red color are 
mostly andesitic in type, but the color of the surface is usually much 
darker than that of the freshly broken rock and is no safe indication of 
the basidity of the rock. In fact, many of the rhyolites of the region 
are remarkably dark colored on the weathered surface. 

The later rhyolite flows undoubtedly make up the bulk of the volcanic 
rocks, but it is not easy to distinguish sharply between the flows, nor to 
trace their lines of contact, nor to measure their thickness, especially in 
case of the rhyolites. It would require more time than was at the dis- 
posal of the writer and a study of more distant parts of the range to settle 
these matters with certainty. It would seem, however, that in the imme- 
diate vicinity of Topaz mountain there are four and perhaps five lava 
flows. The latest of these flows is the one that more immediately con- 
cerns us, in that it contains most of the topaz crystals. 


Tr TOPAZ-BEARING RHYOLITE 


This rhyolite is several hundred feet thick and forms the crest of the 
range on the southeast face. It varies in color from nearly white to 
light brown or brownish gray. It is a lithoidal rhyolite, never showing 
a trace of glass. In places it appears massive and structureless, but at 
other places flow structure is very pronounced, so as to cause the rock on 
weathering to split into thin slabs. The flow planes stand at all angles, 
being fully as apt to be vertical as horizontal, and in many places are 
greatly folded and contorted. The rock is apparently not porphyritic, 
although it may be seen upon close observation to contain numerous very 
small crystals of quartz and of sanidine. Dark colored minerals are en- 
tirely wanting. This absence of ferromagnesian minerals may often be 
accounted for in such rocks by supposing that they have been removed 


by percolating waters which leave the rock more or less rotted. In fact, — 


the rhyolite does appear to be more or less kaolinized when examined in 
the hand specimen alone. Under the microscope, however, the feldspars 
present a surprisingly fresh appearance and very little kaolin-like ma- 
terial is disclosed. 
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FIGURE 1.—LITHOPHYS® IN RHYOLITE, THOMAS RANGE, Uran 


Natural size 


FIGURE 2.—FRAGMENT OF RHYOLITE SHOWING CAVERNOUS STRUCTURE, THOMAS RANGE, 
UtaH 


Structure produced by exposure to desert winds. 1/2 natural size 


STRUCTURE OF UTAH RHYOLITE 
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Solid spherulites were nowhere observed, but the delicate hollow litho- 
physe are developed in great perfection and beauty. ‘Their distribution 
is very irregular. As a general thing, they are not abundant. In fact, 
many portions of the flow are entirely free from them. This is espe- 
cially true where flow structure is very pronounced and the rock splits 
up under the influence of the weather into slabs and where the rhyolite 
presents a dense and more strictly cryptocrystalline texture. Lithophysze 
are also not so apt to occur in the darker colored portions of the rhyolite. 
In other places, especially where the rhyolite is very light colored and the 
texture more evidently crystalline, lithophyse may occur in great abun- 
dance—indeed, they may crowd thick upon each other. Flow structure 
is not altogether absent in those portions of the rhyolite where litho- 
physe abound, but it is not very noticeable and may be seen chiefly in 
the fact that the lithophysal cavities are often flattish and strung along 
in more or less definite lines parallel to the direction of flattening. The 
coalescing of such flattened cavities so as to form larger flat openings is 
also noticeable, but the solid rock between the lithophyse shows even 
under the microscope but scant traces of a true flow structure. 

On the natural weathered surface of the rock the lithophyse are rarely 
well preserved, but develop into more or less irregular cavities, yet when 
freshly quarried they are often of extreme delicacy and beauty, being 
composed of multitudes of concentric, crystal-lined shells separated from - 
each other by equally narrow spaces. They are built up almost entirely 
of quartz crystals with a very little sanidine and are nearly white in 
color (see plate 12, figure 1). The quartz crystals are clearly seen to 
line both sides of each shell and are large enough to be readily recognized 
by means of a magnifying lens or even with the naked eye. They vary in 
size from one millimeter downward. The forms are the customary prism 
and positive and negative rhombohedron, resembling a simple pyramid. 
No tridymite was observed. 

These lithophyse in some respects strongly resemble and are still more 
beautiful than those of the now classic locality in the Yellowstone 
National Park, Obsidian cliff, which have been described with great full- 
ness and clearness by Iddings.* They differ from these Obsidian Cliff 
lithophyse in the greater size of the quartz crystals that line the delicate, 
petal-like shells, in the character of the accompanying minerals, and in 
the nature of the enveloping rock. 


§U. S. Geological Survey, 7th Annual Report, pp. 265-290; U. S. Geological Survey, 
Monograph 32, pt. 2, 1899, p. 416; U. S. Geological Survey, Bulletin no. 150, pp. 153- 
159. 
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The rock immediately adjacent to the lithophyse may be designated as 
a lithoidal rhyolite, in that it is crystalline rather than glassy and has a 
stony luster. It is entirely free, however, from the branching rod-like 
feldspar aggregates and from the microspherulitic growths so character- 
istic of the Obsidian Cliff occurrence, and never presents a porcelain-like 
appearance, although in some places, where lithophyse are absent and 
flow structure is unusually pronounced, the rhyolite has a fairly smooth 
fracture, owing to fineness of grain, approximating that of the porcelain- 
like lithoidite of Obsidian cliff. On the contrary, this rock is very dis- 
tinctly holocrystalline and has a very rough fracture. The small quartz 
phenocrysts, 1 to 2 millimeters in diameter, have a smoky color, in 
marked contrast to the clear white of the quartz crystals that line the 
shells. ; 

Under the microscope may be seen in thin-section a few small pheno- 
cerysts of sanidine and of quartz, all in roundish grains. Biotite and 
other ferromagnesian minerals are entirely missing. The groundmass 
consists of fairly coarse but very irregular and even ragged edged indi- 
viduals of sanidine and of quartz, the former apparently predominating. 
There is a certain amount of grayish, dirty looking impalpable powder 
that probably represents some alteration product, possibly kaolin. The 
character of this groundmass, taken in connection with the groundmass 
of other portions of the extensive rhyolite flow more remote from the 
lithophysz, impresses the observer as indicating a devitrification product 
of an originally glassy rock. 

In addition to the customary constituents of a rhyolite, this rock also 
contains the mineral topaz, not merely in the cavities, but as an impor- 
tant ingredient of the rockmass. A description of this topaz follows in 
these pages under the heading “Rough opaque topaz.” 


WEATHERING FEATURES 


The effect of the desert climate on this rhyolite is very remarkable. In 
the first place, very little soil and almost no vegetation is to be seen, ex- 
cept in places where the prevailing winds tend to accumulate soil. As a 
general thing, the rock is swept absolutely bare. Under the influence of 
the climatic conditions, the rock does not rot, but disintegrates into sand 
that is blown away by the wind as fast as liberated. Naturally the first 
parts to be thus attacked are the delicate walls of the lithophyse, or, in 
case these are not present, little cavities are scooped out where soft or 
more friable parts of the rock occur. Thus the rock surface becomes 
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pitted with sharp depressions or excavations of all sizes. On the bottom 
of such large and small cavities it is not uncommon to find topaz crystals 
lying. Not infrequently such crystals lie imbedded in a layer of sand 
and may then have preserved their original wine color. Both colorless 
and opaque crystals were found in such cavities. 

Further exposure to the weather causes the cavities to deepen and 
enlarge and the rock becomes honeycombed. The enlarging cavities 
unite by the wearing away of thin intervening partitions until they be- 
come miniature caverns perhaps 6 or 8 feet across and separated by the 
thinnest of walls. Eventually the steep mountain side presents the most 
rugged and ragged appearance imaginable and is suggestive of a great 
porous sponge. Unfortunately photographs of these rugged formations 
were ruined, but a fair notion may be obtained from examining a small 
piece of the rock. It is only necessary to imagine a mountain side com- 
posed of this same material with all the details on a greatly enlarged 
scale. Figure 2 of plate 12 is from a photograph of such weathered rock 
fragment. 


MINERALS OCCURRING IN THE CAVITIES OF THE RHYOLITE 


GENERAL REFERENCE TO THE MINERALS 


As already mentioned, the occurrence of topaz crystals in the rhyolite 
of the Thomas range has long been known and their mode of occurrence 
has been briefly described. In addition to the topaz crystals, there are a 
few other minerals that likewise occur in these cavities and that will 
receive brief description later. ‘These are specular hematite, garnet, and 
bixbyite. . 

TOPAZ 


Physical characteristics—Heretofore the only topazes that have been 
described as coming from the Thomas range have been the transparent 
and usually colorless variety; but there are other topaz crystals that I 
shall designate as opaque topazes that are of perhaps equal if not greater 
interest to the petrographer. These latter are usually rather rough in 
their crystal development; but there was found in one locality a smooth 
and sharply crystallized variety of this opaque topaz that occurs under 
sufficiently different conditions to justify a separate description. The 
topazes of this region will be described, therefore, under the following 
three heads: Transparent topaz, rough opaque topaz, and smooth opaque 
topaz. 
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Transparent topaz.—These are the crystals that are already well 


known to mineral collectors and that occur invariably in small cavities - 


of the rhyolite. As already mentioned by A. H. Jones,® the topaz erys- 
tals of this locality are all originally of a wine color, which color fades 
on exposure to the sunlight. It invariably happens, therefore, that all 
the crystals found on the surface are perfectly colorless and all have a 
wine color when found in a freshly opened cavity. This wine color has a 
characteristic brownish tint and is very beautiful in its deeper shades. 
The depth of color varies considerably, but is always pronounced. The 
larger crystals have naturally a deeper shade, owing to their greater 
thickness; but, aside from the thickness of the crystal, some are darker 
than others. It is unfortunate that the color, as is so often the case with 
topaz, is not permanent. The color disappears quickly with very gentle 
heating. After exposure to bright sunlight for thirty hours a marked 
fading of the color was to be noticed. After forty-eight hours’ exposure 
to direct sunlight the smaller and lighter colored crystals lose their color, 
and after about seventy hours the deeper colored ones become. nearly 
colorless (see plate 13, figure 1). 

It occasionally happens that one finds a crystal or cluster of crystals 
lying partly buried beneath the surface and partly exposed, so that the 
buried part is wine colored and the exposed portion perfectly colorless. 

These crystals are mostly small, say one-quarter to one-half inch, occa- 
sionally one inch in length. In breadth they average about one-half the 
length, although at times they are much more slender than this. Un- 
doubtedly larger crystals do occur, and when the locality was first visited 
must have been found on the surface, but naturally the larger ones are 
the first to be picked up. 

There is no doubt that these topaz crystals were formed after the litho- 
physe were practically complete, as they grow upon the walls of the 
cavities and inclose to a considerable extent the quartz material of these 
walls. The erystals are attached sometimes at one end only, sometimes 
along the whole side, and again both ends may be attached, while the 
center is free and clear. Doubly terminated crystals are not altogether 
rare, but they are not often found free on the surface of the ground. 
Once in a while it happens that a crystal is attached to the very thin 
wall separating two adjacent lithophyse and grows freely into each cav- 
ity, thus producing double terminations. Clusters of crystals produced 
by the growing of one crystal upon another are by no means uncommon. 

The habit and crystal forms of these topazes are already well known 


® Loc. cit., p. 176. 
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Figure 1.—Topaz CrySTALS IN A LITHOPHYSAL Cavity, THOMAS RANGE, UTAH 


5/4 natural size 


FIGURE 2.—OPAQUE Topaz CRYSTALS, THOMAS RANGE, UTAH 


The upper left hand cluster are “rough,” the others ‘‘smooth.” 4/5 natural size 
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and need not be here described at length. Mr A. N. Alling, in the paper 
above quoted, mentions the following forms: 

Brachy pinacoid (010), basal pinacoid (001), two prisms (110) and 
(120), two brachy domes (021) and (041), and four pyramids (223), 
(111), (221), and (441). 

There are other forms not as yet determined that would repay a care- 
ful study, but it is not within the scope of this paper to dwell upon the 
crystallographic relationships. 

The brilliant luster of these topazes' has often been commented on, and 
this brilliancy holds for the crystals that have long been exposed to the 
weather as well as to those freshly quarried. It would seem as though 
they are practically unaffected by ordinary weathering influences. 

Rough opaque topaz.—The topaz crystals of this region are not con- 
fined to the lithophysal cavities, but also abound in the solid rock. In 
this case they are not transparent, but relatively opaque and of a grayish 
color. In form they are rather slender, being from three to five times as 
long as wide. They are also considerably larger than are the colorless 
erystals of the cavities. They are seldom much less than an inch in 
length, and from this they vary up to two and one-half inches or more. 
The ends are almost invariably rough or even ragged in appearance, as 
though they had been subjected to the action of some solvent. Usually, 
however, one can see a trace and very often much more than a trace of 
one or more terminal forms. The pyramid (221) is the one usually in 
evidence in such cases and other forms subordinate to this. The prism 
faces, on the other hand, are invariably present and well developed, but 
are somewhat roughened by clinging quartz crystals. The unit prism 
(110) is invariably very conspicuous, while the other prism (120) is 
present only as two very narrow and inconspicuous strips along the 
sharper prism edge. The interior of these opaque crystals is crowded 
with quartz grains, as disclosed under the miscroscope in a thin-section. 
These are not the very irregular and ragged-edged quartz individuals 
that characterize the groundmass of the rhyolite, but are sharply defined 
roundish grains, with a marked tendency to definite crystal forms, and 
occasionally they are perfectly formed crystals with the prism and plus 
and minus rhombohedron. In the one crystal investigated the quartz 
inclosures make-up perhaps one-sixth of the entire bulk. They average 
about 0.05 millimeter in diameter, with extremes of 0.1 millimeter and 
0.02 millimeter. Larger quartz crystals may be seen adhering to the 
outside; also thin leaflets of specular hematite. Apparently none of the 
feldspar that makes up a large proportion of the groundmass of the sur- 
rounding rhyolite is to be found within these topaz crystals. 
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These opaque topaz crystals are not always nor usually single indi- 
viduals, but clusters of two to many crystals grown together. In these 
clusters one individual shaft is usually larger than the others that 
branch out from it in different directions (see plate 13, figure 2). 

There are numerous transitions between these opaque crystals and the 
transparent ones. ‘This is due to the fact that an opaque crystal may 
not be confined to the solid rhyolite, but may project into a free cavity. 
In this case the projecting portion, usually an end, will have the custom- 
ary terminations of the other crystals in the cavities and will likewise be 
transparent and of a wine color. Asa matter of fact, the opaque crystals 
when taken out from a freshly broken rock are not of a gray color, but 
are of a mingled gray and wine color. From the foregoing it would 
appear that the two varieties are due simply to different conditions of 
growth. 

Smooth opaque topaz.—These crystals are exactly analogous to the 
last described variety, in that they have the same habit and about the 
same color and in that they occur imbedded in a solid rock. As crystals, 
the chief distinction lies in the extreme smoothness of the faces and in 
the fact that they have usually perfect terminations on both ends. Single 
crystals are very rare. Rather they occur in clusters similar to those 
just described for the rough opaque variety, with many prongs branching 
out from a heavier central shaft. Only a very few perfect crystals and 
clusters were found, as, on account of the brittleness and the easy basal 
cleavage, the prongs are extremely liable to be broken off. In one case 
as many as twenty subsidiary prongs were counted on one cluster. The 
forms are the same as those described for the rough opaque variety, 
namely, the two prisms with the same relative sizes and the pyramid 
(221). In this case, however, other forms, with faces barely visible 
upon close observation, can be more readily made out. For instance, a 
second pyramid and all three pinacoids. The orthopinacoid that may 
thus be made out is a form that has not as yet been described from this 
locality. 

Another important distinction is the nature of the rock in which these 
smooth crystals are implanted. They. were found in just two points 
about 50 feet distant from each other, and in each case they were devel- 
oped in a fragment of rhyolite tuff that had been caught up by the rhyo- 
litic lava stream. ‘The tuff is quite firm, very fine grained, perfectly uni- 
form in texture, and of a gray color. The crystals have been freed by the 
disintegration of the tuff and were found lying on the surface or inclosed 
in the soil immediately below the fragment of tuff or embedded in a fine 
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gray sand that lay in the bottom of a cavity of one of the tuff masses and 
that resulted from the slow disintegration of the same. Nearly all the 
perfect crystals were found in this last named place. Those in the soil 
nearly always had some or most of the prongs broken off. It was impos- 
sible to break a crystal uninjured from the solid tuff. 

_ Under the microscope a thin-section of this tuff disclosed an aggregate 
of very irregular grains of quartz and of sanidine that vary in size from 
0.1 millimeter downward. The rock is quite similar in mineral compo- 
sition to the rhyolite in which it is embedded, but quite different in 
appearance, both in the hand specimen and in thin-section. Thin- 
sections cut through one of these crystals parallel to the basal pinacoid 
and to the macropinacoid show a perfectly normal crystal of topaz in- 
closing countless minute and invariably sharply defined crystals of quartz 
that together make up something like one-quarter of the bulk. These 
crystals measure from 0.03 millimeter to 0.005 millimeter. They contain 
minutest dust-like particles that are apparently exactly like dusty par- 
ticles in the tuff. These particles are sometimes black and opaque, some- 
times reddish or brownish, and are more sharply defined in the topaz 
erystals than in the rock. No other inclosures than the quartz crystals 
occur in the topaz. 

The following chemical analyses of the rhyolite tuff in which the 
smooth opaque topaz crystals occur and of one of the smooth opaque 
topaz crystals were carried out in the chemical laboratories of the Colo- 
rado School of Mines. The analysis of the tuff was made by J. W. 
Whitehurst and that of the topaz crystal by J. H. East, both students of 
the class of 1910. In ease of the rhyolite tuff, it is readily seen from 
the analysis that the tuff does not differ materially from a normal rhyo- 
lite. The topaz analysis shows naturally an abnormally high percentage 
of silica, due to the inclosed quartz crystals. A calculation based on this 
excess of silica indicated that 18.78 per cent of the material of this 
opaque topaz is inclosed quartz. 


Rhyolite Tuff Smooth opaque Topaz 
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It would seem very clear from a study of these smooth opaque topazes 
as well as of the rougher variety that the period of quartz crystallization 
was practically identical in time, or nearly so, with that of topaz forma- 
tion. ‘The vapors or solutions, or both, that were responsible for the 
development of topaz in the cavities were also responsible for the develop- 
ment of the same mineral in the solid rock. In the latter case room had 
to be made for the crystal, which was partly accomplished by the com- 
plete removal of the feldspar and by the recrystallization of the silica into 
definite quartz crystals. In describing an occurrence of topaz and garnet 
in lithophyse in a rhyolite at Nathrop, Colorado, Mr Whitman Cross 
says: 

“The mode of formation of the topaz and garnet is not fully determinable, 
but it is evident that they are not secondary products, like zeolites, but 
primary, and produced by sublimation or crystallization from presumably 
heated solutions, contemporaneous or nearly so with the final consolidation of 
the rock.’”” : 


If this is true of the topaz crystals found in the lithophysal cavities— 
and to the writer this seems to be indisputable—then it must also be true 
of the other topaz crystals scattered throughout the mass of the rhyolite. 
This would make these opaque topazes not exactly foreign matter, but an 
integral part of the rock. 

In the formation of both the rough and smooth opaque topaz crystals 
the material of which the inclosing rock was composed necessarily formed 
a serious hindrance to the growth of the crystal. In the case of the tuff, 
the crystals must have been formed in the solid rock under the influence 
of the hot lava and by means of the same vapors and solutions that caused 
the development of the crystals in the rhyolite, and in their formation 
they must have made place for themselves through the removal of the 
rock ingredients by solution or by partial recrystallization. Where the 
constituents of the rock were very fine and uniform, as in the case of the 
tuff, they offered less resistance to the recrystallizing agencies, with the 
result that the topaz crystals were able to assume perfect forms. 

In this connection it may be noted that the tendency to the develop- 
ment of the two prism forms, especially of the unit prism, was much 
stronger than in the case of the other forms, so that these forms are 


always more or less in evidence, while the tendency to develop terminal || 


forms was not strong enough to overcome the resistance in case of the 
coarser grained rhyolite, but was sufficient to overcome the weaker resist- 


10 American Journal of Science, vol. 31, 1886, p. 437. 
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ance of the very fine grained tuff. It may also be noted that of the four 
or more possible pyramids, as well as of the domes and basal pinacoid, 
the pyramid (221) was the only one capable of strong development, even 
under the most favorable conditions. 

Distribution and frequency of the topaz crystals—As already stated, 
the topaz crystals of the lithophysal cavities are very fluctuating in 
amount. Where the lithophyse are characteristically developed the crys- 
tals are very abundant. This is more apt to be the case where the rock 
is of a very light gray or nearly white color. But true lithophysex pass 
by insensible gradations into irregular cavities that show but little if 
any development of concentric shells. These cavities also may contain 
topaz crystals, but are not so apt to do so. In such portions of the 
rhyolite one will have to hunt carefully for the topazes; but it often hap- 
pens that where the cavities are scarce or where they contain but few 
topaz crystals, the opaque crystals are very much in evidence. For in- 
stance, over limited areas of the exposed rhyolite one may see at times 
one opaque topaz crystal or cluster to every square foot of surface. At 
other times and places only an occasional crystal may be seen. In one 
particular instance the writer extracted from about four cubic feet of 
rotted or partially disintegrated rhyolite 336 crystals and clusters. These 
erystals were in many cases distinctly transparent or partially so, but 
many of them were transitional to the opaque variety. Most of them 
were of very fair size, being three-quarters of an inch to one and one-half 
inches in size. The total weight of these 336 crystals was 24 ounces. 
These crystals were undoubtedly in place. The opaque variety has prob- 
ably a much wider distribution than has the transparent crystals. In a 
letter from Mr Maynard Bixby, of Salt Lake City, to whom the writer 
is indebted for many courtesies and for much valuable information as to 
this topaz locality, it is stated that these opaque topazes occur “all 
through the belt of rhyolite” and are well developed at a locality where 
the mineral bixbyite was first found, some 20 miles northerly from Topaz 
mountain. 


SPECULAR HEMATITE 


The occurrence of specular hematite, usually in the form of thin 
flakes, in cavities of rhyolite and of other acid igneous rocks is a very 
common feature in the Cordilleran west, but its occurrence in plainly 
developed lithophyse has not, so far as the writer is aware, been noted 
heretofore. It is, however, very universally present in the lithophyse of 
Topaz mountain, attached to the topaz and to the quartz crystals. Its 
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development must have been contemporaneous with that of the topaz, or | 
at least with the later stages of the topaz development, as they may be | 
noticed growing upon the topaz and partially or completely inclosed in 
its mass. They are usually very minute, one or two millimeters or even || 
less, and then may be very numerous; rarely they attain to a diameter of © 
half a.centimeter. They are perfectly black, highly lustrous, and very | 
thin and fragile. They occur not only in the lithophysal cavities, but | 
are also abundant attached to the rough opaque topaz crystals embedded | 
in the solid rhyolite. 


GARNET 


The occurrence of garnet at Nathrop, Colorado, in the cavities of rhyo- | 
lite was described by Cross in the paper above quoted.t They were de- - 
scribed as occurring in lithophyse associated with topaz, and were found — 
by analysis to be spessartite. The largest crystals found, according to | 
Cross, measured 1 centimeter. It may be noted in passing that a speci- | 
men of the Nathrop garnet now in the collection of the Colorado School | 
of Mines measures somewhat more than this, namely, 16 millimeters. 

At the locality which I have designated as Topaz mountain only one } 
very small garnet was observed, but at a point over the mountain to the 
westward, some three or four miles from the rather limited area over }! 
which topaz crystals are abundant, the writer was fortunate enough to / 
find a few very beautiful garnets of unusual size. The rock is a lithoidal | 
rhyolite with quite marked flow structure that weathers into thin slabs 
and that contains small irregular cavities. On the exposed surface the | 
cavities did not appear to be lithophyse; but, as already mentioned, 
weathering very often destroys on the exposed surface all trace of the 4 
lithophysal structure, and as no means were at hand to blast the rock, this 
point could not be determined. The garnets were scattered sparingly | 
over a surface some hundred feet wide by two hundred feet long. Most 
of them were very rough, showing only a face or two, owing to the fact | 
that the cavities were too small to accommodate them. The largest and | 
best crystal measures one and one-half inches and has twelve trapezohe- | 
dral faces entirely or partially developed. he rest of the crystal bears | 
the rough imprint of walls of the cavity in which it grew. The luster is | 
extremely brilliant and the color a very dark brown, beautifuly streaked | 
with a light bronze brown. The crystal form is the usual trapezohedron ; 
(211) with the merest trace of a dodecahedron. 'The crystals are stri-_| 
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ated parallel to the dodecahedral faces and the striz run also parallel to 
the light brown streaks. 

One garnet crystal was found that has a topaz grown into it in such a 
way as to show that the garnet had partially grown around the topaz. 
This indicates that the topaz had formed before the garnet was com- 
pleted. 

In this connection it may be noted that the writer, a week or so after 
leaving the Thomas range, ran across another occurrence of garnet in 
lithophysal cavities in rhyolite. This was in Lincoln county, Nevada, a 
few miles west of the Utah line and near the new gold camp called Gold 
Spring. This new camp is about 12 miles from the town of Modena, 
Utah. The rhyolite forms a dike that rises conspicuously a hundred feet 
or so above the heavily wooded hillside. The dark reddish brown garnets 
have the customary trapezohedral form and vary from one-quarter to 
three-quarters of an inch in diameter. 


BIXBYITE 


In a paper entitled “On bixbyite, a new mineral, and notes on the 
associated topaz,” Penfield and Foote, in 1897,'* described the mineral 
which they named bixbyite as an oxide of manganese and _ iron, 
FeO.MnO,, and as occurring implanted on topaz crystals, and as having 
isometric forms, chiefly the cube. The bixbyite crystals are described as 
occurring with both transparent and opaque topaz; and, further identify- 
ing the opaque crystals of topaz with those described in this paper, the 
authors add: 

“The opaque crystals, as shown by microscopic examination, are not pseudo- 
morphs, but consist of fresh unaltered topaz containing minute quartz crys- 
tals, which evidently have been included during crystallization.” 


As the writer was not aware of the fact that the new mineral, bixbyite, 
was likely to be found at Topaz mountain, no search was made for it and 
none was noted; but, on looking over the material collected, it has been 
found adhering to rough opaque topaz. ‘There is every reason to believe, 
therefore, that it must also occur in the lithophyse proper. 


CoNCLUSION 


In conclusion it may be well to state that the notion that prevails in 
some quarters that the topaz crystals may be fairly scooped up on the 


#2 American Journal of Science, 4th series, vol. iv, 1897, pp. 105-108. 
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only a comparatively limited area—say an area half a mile or less in each 

direction. Undoubtedly the crystals are present over this area in mil- 

lions, but they are mostly very small, the larger ones having long since | 
been picked up. They abound in the sand of the dry stream beds, and | 
may be thus traced for miles. These minute crystals shine, too, just as | 
brilliantly in the sunshine as do the larger ones, and if one endeavors to | 
locate a good sized crystal by the brilliancy of its sparkle, he will find | 
himself engaged in the unprofitable, not to say undignified, occupation of | 
chasing up pinheads. 


Thomas range is very far from the truth. The crystals are abundant in ; 
| 
| 
| 
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PROLOGUE 


In general the progress of attention is in the direction of concentration, 
or from the remote to the near, from the rare to the common, from the 
exceptional to the usual, from the abnormal to the normal, and usually 
from the simple to the complex; and concomitantly the progress of con- 
sciously systemized knowledge has trended from sky to soil and from star 


1 Manuscript received by the Secretary of the Society August 10, 1908. ae 
This paper was read under the title “River sediment as a factor in applied geology. 
It is revised to July 30, 1908. 
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to man, yielding an orderly series of sciences ranging from astronomy to 
anthropology. In the course of the progress two factors have prevailed: 
first (in significance rather than order), the ceaseless and ever-growing 
desire to know merely for the sake of knowimg—that is, the spontaneous 
interadjustment of mentality with external nature; and, second (in im- 
portance, though often first in order), the conscious or unconscious habit 
of utilizing knowledge—that is, the endless interadjustment between man 
and external nature; and under the influence of these factors the sciences 
and the applications of science have come up concurrently, sometimes the 
one and again the other in the lead. Especially in the domain of the 
natural sciences, habit commonly precedes thought and the object-matter 
is used before the science is framed; so plants were utilized before phytol- 
ogy, animals before zoology, rocks and minerals before geology; so, too, 
descriptive aspects have generally arisen the earlier, as geography before 
geology and ethnography before ethnology; and in general the progress — 
in systemization has responded to the demands for knowing and for ap- | 
plying jointly. 

Now among the objects-matter of knowledge, none are more vital than 
water : It is in accord with its nearness to human interest that it was late 
to receive close attention, and that even yet it has received little thought 
save in the descriptive aspect of hydrography; yet the habit of utilizing — 
and applying it, which arose unwittingly in the unwritten past, has 
spread so widely and become so large a part of modern life as to warrant 
concentrated and conscious consideration. Accordingly, in the light of 
the long course of the development of the sciences, in the light of the 
transcendent importance of the water of the earth to human welfare, and 
in the light of the inherent interest of the object-matter itself, it would - 
seem clear that the time is ripe for establishing definitely the Science of 
Water, already known somewhat vaguely as hydrology. 

The relations of hydrology with other sciences would naturally corre- 
spond with the relations existing among these others. It would derive — 
method from the chiefly formal or subjective sciences (mathematics per- 
taining to quantities, astronomy pertaining to masses, chemistry pertain- 
ing to substances, and physics pertaining to forces, with their several 
subdivisions and ramifications) ; it would share object-matter with the 
chiefly natural or objective sciences (meteorology pertaining to air, geol- 
ogy pertaining to rocks, phytology pertaining to plants, zoology pertain- | 
ing to animals, and anthropology pertaining to men, with their several — 
and various subdivisions and combinations) ; and in some measure it 
would tend to unite the two groups. The relations would be particularly 
close with geology and meteorology, since water is at once a terrestrial 
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mineral and agency and a highly effective constituent of the atmosphere; 
at least at the outset, it would naturally form a branch of the former 
science, with its organized instrumentalities and institutions. In the 
general order of sciences running from the simple to the complex (astron- 
omy based on gravity and other mass relations which may collectively be 
denoted molarity, chemistry based on affinity—or molecularity—plus 
molarity, phytology based chiefly on vitality plus affinity and molarity, 
zoology based largely on motility plus vitality and affinity and molarity, 
and anthropology based mainly on mentality plus all the simpler bases), 
hydrology would occupy an intermediate position, in some measure span- 
ning the interval between the bases of affinity and vitality—this in ways 
which can only be suggested now and which must remain for research to 
elucidate and demonstrate. 


ELEMENTS oF HypDROLOGY 
WATER AS A PLANETARY CONSTITUENT 


The mineral H,O, forming the hydrosphere, takes a leading role in the 
play of terrestrial progress: Practically covering the planet, existing in 
the three states of solid and liquid and vapor under natural temperatures, 
extraordinarily high in molecular inertia or specific and latent heat, and 
constantly changing from one state to another with the diurnal and an- 
nual procession of planetary movement, it is the most effective known 
agent in determining external terrestrial conditions. Without it, the 
earth would be lifeless; with its quantity quadrupled, the globe would be 
uninhabitable by higher life-forms; perhaps decreasing slowly in amount 
and certainly concentrating in deepening seas, it has permitted the growth 
of continents and the evolution of organisms, now limits the habita- 
bility of the one by the other, and with continued diminution threatens 
organic existence in that the world’s deserts are manifestly increasing, 
though under Chamberlin’s planetesimal theory the aggregate volume may 
be so increasing as to balance the concentration. In its movements and 
changes of state the leading external agency of earth-making, it first 
brought forth and then gave form to the continents; and the organisms 
developed within it to reach higher estate on’ land depend on it both for 
the chief part of their substances and for all their vital processes. A 
growing and living world without water is unthinkable. 

The temperature and climate of the globe are determined by an atmos- 
pheric mechanism of which the dominant factor is H,O. ‘The aqueous 
vapor in the atmosphere forms a blanket against radiation in which the 
sun heat is both conserved and distributed; when liquefied or solidified 
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by cooling the latent heat tempers the atmosphere and lithosphere, and __ 
when warmed it returns to vapor, and the latent heat again equalizes the ~ 
temperature; and through this conservation and equalization of heat de- | 
rived primarily from the sun, the range of temperature from equator to 


poles, from day to night, and from summer to winter is reduced to a third 
or a fifth of what it would be if dependent directly on insolation and | 


radiation. Despite the diathermancy of the air, the atmosphere as a — 
whole is so effective an agency for retaining sun heat that the temperature 
of the external earth is conditioned not (almost not at all) by the planet’s 


proper heat, but by radiation from the distant luminary; and the chief 


heat-conserving constituent is water, mainly in the form of vapor, of 
which each particle, as shown by Tyndall, absorbs heat many thousand 


times more rapidly than a like particle of air. With an oceanless surface | 


and a water-free atmosphere, the temperature of the earth would range 
so widely and fall so low as to render it uninhabitable by organized 
beings. 


THE HYDROSPHERE AND ITS DIVISIONS 


The volume of the hydrosphere is about 1/600 that of the entire geo- 
sphere. The dominant division of the terrestrial H,O (some 310,000,000 — 
cubic miles, or 1/840 of the volume of the solid earth) occupies depres- 
sions in the earth crust as seas. Probably next in volume is the division 
permeating earth and rocks as ground water: if 5 per cent of the ten- 
mile earth shell (Whitney finds the optimum soil moisture to range from 
4 per cent to 20 per cent, which increases at ground-water depths to an 
average exceeding 15 per cent in humid regions, but runs lower in arid 
regions and generally at greater depths), it reaches some 100,000,000 
cubic miles. The third division in magnitude may be that interpene- 
trating the atmosphere in gaseous form; the mean annual precipitation 
is about 120,000 cubic miles—30,000 on land and 90,000 on the oceans, 
or some 10 per cent of the volume of the atmosphere reduced to liquid 
measure—which may be regarded as a rough indication of the average 
content of aqueous vapor. The next smaller division is that gathered 
largely in polar regions and elevated areas in the solid form (snow, névé, 
ice) ; its volume can not well be estimated. The smallest primary divis- 
ion, albeit the most vigorous as an agency of earth-making, is the moving 
water of streams and springs, sometimes lodging temporarily in ponds 
and lakes; its volume is negligible in proportion to that of the oceans. 

The sea water is a seat of chemical action, including that involved in 
the development of primordial life, and through both waves and tides an 
agency of mechanical action in sapping shores and distributing sedi- 
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ments ; while the ground water is effective in solution, ionization, aqueo- 
igneous fusion, and probably most of the chemical changes in the earth 
crust, including all those interrelated with vital action. The aqueous vapor 
mixed with the air regulates or at least conditions all the earth-making 
processes dependent on temperature—indeed, could that portion be re- 
moved without disturbing the rest, the earth wouid probably be deadened, 
something like the moon, so as to inhibit life and render ineffective most 
of the molecular and molar movements of surface and crust. Under 
special conditions of temperature (itself conditioned by the liquid and 
gaseous H,O),.the solid phase of the hydrosphere is an effective mechan- 
ical agency, gathering in glaciers, grinding rocks, accumulating deposits, 
and shaping earth forms; chemically, it is inert. The stream water 
works incessantly, both mechanically and chemically; it has shaped some 
nine-tenths of the land surface of the globe; it has planed down moun- 
tains, leveled continents, transported over and over again a great part of 
the rock matter of the earth crust, and through transfer of load played 
a part in epeirogenic movements by which the continents have been ex- 
tended ; and in connection with the rainfall by which it is maintained, it 
has throughout the ages conditioned vital development and all secondary 
processes, from the accumulation of soil to the evolution of human 
activity. Without this smallest but most energetic division of the hydro- 
sphere by which the face of the earth has been wrought into form and 
fruitfulness, the planetary surface would be a chaos. 


GENERAL FUNCTIONS OF THE HYDROSPHERE - 


Viewed in each of its principal divisions and in some leading aspects, 
the material of the hydrosphere is homologous with the typical substances 
of the lithosphere: It yields to gravity and both interacts mechanically 
and reacts chemically with other terrestrial substances, so that it conforms 
like other inorganic bodies to the laws of statics and dynamics, and may 
be treated in equilibrium under hydrostatics and in motion under hydro- 
dynamics ; yet viewed as a whole the hydrosphere takes on a significant, 
or at least suggestive, character which may be likened to the automacy 
(automaticity of earlier lexicographers) of the organic world_and the 
autonomy of the human world—it assumes a semblance of self-activity 
in its changes of state and movements in space which tends to facilitate 
its own working and perpetuate its own efficiency as a planet-shaping 
agency, for example, in that its presence is necessary to the temperature 
of the planet which in turn regulates its changes and movements. In 
this general view the terrestrial H,O in some measure bridges the break 
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between (1) that strictly dynamic agency of the inorganic in which 


actual energy is transmitted or converted and (2) that partly kinetic — 


activity of the organic in which potential energy is actualized and 
redirected. 

Concordantly, the smallest but most energetic division of the hydro- 
sphere (the running water) may be regarded in some measure as kinetie 
rather than a merely dynamic agency; the kinetic property arising in its 
interrelations with other substances. Running water does not move 
uniformly ; a film of water on an inclined surface, however smooth, will 
not remain a film, but soon gathers (a) into transverse waves and (bd) 
into streams; neither will its movement remain uniform, but accelerates 
(a) in the transverse waves and (0) in the medial portions of the streams, 
and slackens between waves and streams. Similarly, a filament of water 
descending freely in space breaks up into drops. The variability of 
flowing water doubtless arises largely in (1) interadjustment among the 
water particles and (2) friction between the body of water and its bed, 
while in falling water surface tension and perhaps other factors enter; 
yet the undulatory tendency is pronounced in small and large volumes in 
every natural stream and artificial canal—indeed, in all moving water— 
and the tendency may be intensified when the water carries solid matter. 
And not only is the stream variable in itself; in a state of nature it intro- 
duces variability in its bed—or varigradation—in such manner that all 
streams of whatever size normally alternate from pools to rapids, and 
vice versa, save measurably in that case (characteristic of arid regions) 
in which solid matter so abounds as to overload and spread the water in 
sheetfloods and debar it from gathering into streams. 

Again, streams subject to fluctuation in volume develop inner chan- 
nels adapted to the lower stages when the water runs clear, and larger 
channels adapted to the freshets of muddy water with adjacent plains 
built up and shaped by combined erosion and sedimentation; so that 
under natural conditions every streamway normally comprises a low-water 
channel and a high-water channel with a bordering floodplain—a differ- 
ence between arid and humid conditions lying chiefly in this, that in arid 
regions the water tends to spread into sheetfloods rather than to gather 


into streams, rendering the general surface a floodplain and the channel, ~ 


an aberrant feature. 

The interrelations of moving water are simple, most of the processes 
well known; the special significance lies in the fact that the stream no 
less than the animal makes its own bed, the river no less than the man 
shapes its own valley, by a complex combination of natural interactions. 
Indeed, the running waters of the hydrosphere as a whole have shaped 


== 
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the face of the continents (except when diastrophy, eolation, vulcan- 
icity, or glaciation have temporarily intervened) in harmonic combina- 
tions of curves stretching from crests to coasts in graceful sweeps of 
which each part is adjusted to all others and also to ready movement of 


the waters—the true Hogarthian lines of beauty, as Van Hise and others 


happily hold. 


SPECIAL FUNCTIONS OF MOVING WATER 


The moving stream-water makes its bed and eventually shapes its 
valley through three primary processes, namely, (1) erosion, (2) trans- 
portation, and (3) deposition; and each of these three processes is 
complex : 

1. Erosion (neglecting the more passive processes of disintegration, 
weathering, etcetera) may be considered as the general process whereby 
the earth matter is removed by running water from its original loci; it 
comprises (@) solution, in which earth salts are more or less completely 
dissolved; (b) washing, in which finer and softer materials are still 
further comminuted and softened and floated away; and (c) corrasion, 
in which firmer materials are cut and scoured by the impact of solid 
particles dropped or driven by the moving water. 

2. Transportation may be regarded as the general movement of earth 
matter seaward by streams; it comprises carriage of material (a) in solu- 
tion, (6) in suspension, and (c) in what may be denoted saltation, the 
three processes corresponding fairly with those of erosion, since the dis- 
solved rock matter is carried in solution, much of the washed materials 
(together with the finer corraded particles) are carried in suspension, 
while the coarser particles due to corrasion (including crushing, grinding, 
etcetera) and to washing move forward at ever varying rates in saltatory 
fashion, the variable or leaping movements arising largely in combinations 
of friction with inertia, as discussed long ago by Hopkins and more 
recently by Le Conte, Gilbert, and others. 

3. Deposition may be viewed concordantly as the general process 
whereby the transfer of earth matter is completed; it comprises (a) pre- 
cipitation, typically of matter contained in solution on contact with sea 
water; (b) sedimentation, typically the settling of suspended matter on 
slackening of current; and (¢) grounding, or the more or less temporary 
dropping and lodgment of particles carried in saltation, typically in sand 
bars, natural levees, gravel beds, etcetera. 

All the main and minor processes blend and measurably alternate in 
ordinary stream-work, and all are dependent for their efficiency on a 
variety of factors, of which those most commonly recognized are gravity 
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(expressed in terms of declivity or slope) and friction ; and it may be said 
to be the primary function of moving water to modify and eventually to 
regulate the declivity and other factors in such manner as to develop the 
harmonic lineaments of the earth face—to produce dendritic river sys- 
tems and paraboloid grades adjusted to the internal harmony of water 
.movement, sculpturing square miles of surface and displacing and re- 
placing cubic miles of earth matter in the course of its work. 


REFLEX FUNCTIONS OF WATER WORK 


The running water is itself modified by its own work: The matter car- 
ried in solution (ordinarily small in amount) adds to its weight, and 
generally to its volume and specific gravity, while the matter carried in 
suspension commonly adds to weight and volume and also to viscosity; 
and generally both modifications are within limits cumulative—for ex- 
ample, the presence of matter in solution may add to the solvency for 
other substances, and the presence of suspended matter adds to the effi- 
ciency in corrasion if not to the capacity for load. 

Still more responsive to the work of the stream is the matter carried in 
saltation; this matter is itself the chief agent of corrasion; with in- 
creased volume or declivity, both its amount and vigor of movement 
increase cumulatively in a geometric ratio; with diminishing velocity 
or volume of the stream, the saltatory matter and its activity decline 
geometrically until the stream, as it were, lays aside its tools (virtually 
disposing of them as building material) and turns from vigorous and 
chiefly mechanical to sluggish and largely chemical work. While in 
movement the saltatory rock matter adds to the volume and weight and 
specific gravity and measurably to the viscosity of the flowing medium; 
and since it is taken up and laid down at what is frequently paraphrased 
as the caprice (or will) of the stream—actually its responsion to gravity, 
friction, etcetera—it, like the matter in solution and suspension, intro- 
duces an autonomous factor in the behavior of the stream and thereby 
transfers the moving medium from the domain of the hydrodynamic 
into what may be considered the domain of the hydrokinetic—that is, 
from the merely passive to the partly self-active. 

So not only in the large way noted above does the hydrosphere assume 
an autonomous or kinetic property in regulating temperature and other 
planetary conditions, but in a special way, through what may be ex- 
pressed (hardly paraphrased) as exercise of function, that division of 
the hydrosphere found in running water displays at least an approach 
toward autonomy and kinesis. As a part of the hydrosphere, the stream 
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exists and moves; as an agency, it works; as a worker, it modifies both 
its environment and itself. 


MECHANISM OF WATER WORK 


The work of the running water (even as autonomously modified) varies 
with external factors, predominantly declivity: Solvency may increase 
- little with the motion, though it is doubtless rendered more effective by 
prompt removal of the dissolved matter; washing is facilitated both by 
the vigorous flow attending high declivity and by the added volume and 
weight and viscosity of the loaded water, while corrasion is engendered 
and extended by the mechanical action of the load, especially the part 
carried in saltation. In transportation the measure of the work increases 
cumulatively and in a high geometric ratio with declivity and with varia- 
bility of load, the latter itself consequent on declivity. Failing to dis- 
eriminate between suspended and saltatory matter (which intergrades in 
nature yet must be viewed separately in analysis), Dupuit ascribed the 
carrying of sediment to the differential movement of adjacent layers of 
the flowing water; though a fairer prima facie view may be gained by 
conceiving the liquid, like the included matter, to consist of particles 
moving freely among one another under the combined action of gravity, 
inertia, impact, adhesion, friction, etcetera. In any event, clear water is 
practically inert mechanically and incapable of corrasion (so that a jet 
might play on a solid strong enough to resist its weight with no more 
effect than a jet of air, though like the air it may be converted into a 
cutting sand-blast by loading it with corrasive material) ; still water, too, 
is practically inert mechanically, though it may carry finely comminuted 
matter in suspension for an indefinite period (or drop it on the intro- 
duction of clear water in such manner as to initiate flocculation), while 
the transportative power of running water increases cumulatively (cer- 
tainly within lmits) with the speed and differential movement of the 
water particles attending either (a) high declivity or ()) large volume. 

The competence of running water (using the term employed by Gilbert 
in his monograph on the geology of Henry mountains to denote the ability 
of water of varying velocity to move particles of given size) was long 
ago shown by Hopkins to vary as the sixth power of the rate of flow, 
though this ratio holds only until the particle begins to move, when it 
decreases geometrically—that is, remains proportionate to the sixth 
power of the difference between the velocities of particles and stream (this 
variability, in which the stationary particle is always subjected to a 
stronger impulse than the moving particle, contributing to that saltatory 
movement characteristic of effective stream-work). 
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Gilbert is once more engaged in a notable investigation of the capacity 
of streams for load of given size of particle, and is soon to take up loads 
of variable particles; yet there is thus far no formula for the capacity of 
streams for loads of the widely variable particles found in nature. In 
the lower Colorado the load may exceed 5 per cent of the volume or 10 
per cent of the weight of the water; in some of its tributaries, when in 
freshet, the load may temporarily reach 20 per cent of the volume, while 
in the sheetfloods of Arizona and Sonora the load occasionally increases 
until the mass becomes a mere mud-bed, gradually coming to rest as the 
water is partly evaporated and partly absorbed into the earth below. 
Manifestly the capacity of a stream for solid matter of variable dimen- 
sions and weights varies with the velocity much more widely than does 
the competence. In a general way it may be safe to average the effective 
competence (that is, the mean difference between the rate of movement of 
the saltatory particles and that of the stream) at the fourth power, and 
the capacity for load of variable sizes at something over the competence 
or sixth power of the velocity; or, since the velocity imcreases geomet- 
rically with the declivity, at something like the seventh or eighth power of 
the declivity. 

Still less is there any formula, or even consistent opinion, expressing 
that sum of the positive mechanical work of running water (washing, 
corrasion, suspension, and saltation) which may be denoted efficiency, or 
of the variability in that work attending increase of load; though, mani- 
festly, washing and corrasion must within undefined limits increase with 
the load. Powell, who raised Lyell’s doctrine of uniformism to a higher 
order and in framing the laws of hydraulic degradation outlined hydro- 
dynamic geology, held that the effectiveness of stream-work must vary 
approximately as the weight of water and load combined; while Gilbert, 
whose experiments promise again to revolutionize constructive geology, 
’ inclines to regard the carrying of load as commensurate with the expendi- 
ture of a corresponding part of the total energy of the stream, thus re- 
ducing the measure of transportation to an equation of volume and 
velocity of the water alone (though it seems probable that this equation 
should be modified at least to the extent of adding the gravity component 
and momentum of the saltatory particles, and also a factor for lubrica- 
tion—an extreme case arising in landslides in which the water acts 
almost wholly as a lubricant). In a general way the efficiency must vary 
geometrically with the exercised capacity, that is, the load—say as the 
second power of the capacity, or, if reduced to actual stream conditions, 
the eighth or ninth power of the declivity. 
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The negative mechanical work of moving water (grounding and sedi- 
mentation) is beyond the reach of quantitative formulation—at least 
pending the completion of Gilbert’s determinations—but manifestly 
varies inversely with the velocity and that differential internal movement 
attending volume. The slackening current assorts its load, according 
to its power, from boulders to pebbles and on down to sand and silt, 
chiefly through the saltatory action; the overloaded stream builds bars 
moving upstream to increase its own head and multiply its efficiency 
below, and the underloaded stream builds bars moving downstream to in- 
erease the head above, and in both cases the movement of the bar mate- 
rial is saltatory and of such order as to initiate and accentuate the alter- 
nation of flow from pool to rapid and vice versa. Practically each stream 
tends to alternate between positive and negative mechanical work in suc- 
cessive instants of time throughout every part of its course, though this 
tendency may temporarily be interrupted by diastrophic or other derange- 
ments of drainage systems. Practically, too, each stream tends to in- 
erease also in bank-cutting and bar-building, and generally in the devel- 
opment of curves. In some cases the latter tendency is so strong as to 
suggest the widespread inference that a curved river can not be straight- 
ened, since cutting across an oxbow merely produces extension of other 
loops until the aggregate length of the river is restored, though Powell 
established the counter-tendency of large rivers to straighten toward their 
mouths, and Leighton finds a decided diminution of load within the 
sinuous portions of the lower Mississippi. 

Whatever the ratio of factors in the mechanical work of running water, 
and however complex and elusive the behavior of streams under natural 
conditions, the essential fact remains that the internal work of streams 
varies widely with external factors; and the no less essential fact also 
remains that this internal work is constantly directed toward the modifi- 
cation of the external factors: In a broad sense, the primary work of the 
stream is the continuous adjustment of internal relations to external 
relations (thus conforming to Spencer’s characterization of life), with a 
secondary yet no less continuous readjustment of external relations to 
internal relations; in a strictly physical sense the stream functions, 
strengthening through exercise and weakening through inaction, toward 
the ends of (1) perpetuation of its own existence, (2) continuous growth, 
and (3) increased facility of work. While all its properties are involved, 
it seems clear that the distinctive function arises measurably in that 
primary relation between particle movement and external conditions 
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which would seem to engender the undulatory motion of the water itself 
and the saltatory motion of its load. 


INTERNAL MOVEMENT OF RUNNING WATER | 


When viewed broadly in the light of planetary and cosmic movements, 
the motions of the saltatory particles exhibit instructive analogies, and 
the analogies extend to the concomitant motions of the water particles: 
The saltatory particle, whether small or large (neglecting the relatively 
unimportant case in which rotatory momentum predominates), visibly 


moves in a downwardly curved path, and its movement is evidently the — 
variable resultant of factors which may be resolved into (1) the primary | 
impulse, or inertia, (2) the resistance of friction, impact, etcetera, and © 
(3) the direct gravitative pull with its inherent acceleration, and (4) the — 
consequent friction ; and, considered either with respect to general type of © 


curve or to components involved, the path apparently conforms to those 


of projectiles, meteorites after entering the atmosphere, and comets on © 
approaching the sun; which paths (trajectories or orbits) approach the © 


parabolic form—that is, the resultants vary as the first and second powers 


of their components save in so far as friction and other secondary factors — 


interfere. These approximately parabolic paths may be described as 
paraboloid, despite the prior geometric use of the same term in a special 
sense (etymologically irregular, except as connoting the collective curves 
of the solid generated by rotation of the parabola). Manifestly if the 
path of the single saltatory particle is paraboloid, the collective or mean 
path (or sum of paths) of a series of particles must be similar, since each 
impact, whether collisional or frictional, merely enters into one or the 
other factor of the equation and introduces no new order of motion. It 
follows that all contiguous particles either just ready to enter or just 
after coming to rest from the paraboloid trajectory must tend to arrange 
themselves ceteris paribus in paraboloid forms, and the illustration of 
this fundamental law of saltatory movement (and demonstration of the 
analysis) appears in the prevailing paraboloid curves of land forms 
shaped by running water. 

Now it also seems clear on scrutinizing the motion of saltatory particles 
of variable sizes in running water that the movement of the water does 
not interfere with the paraboloid paths, but, on the other hand, conforms 


in such a way that the paths of all particles from the largest to the | 


smallest visible fall into a beautiful harmony. This concordance inevi- 
tably suggests that the water particles themselves move in paraboloid 
trajectories, each the resultant of inertia, resistance, and gravity, in which 
case, too, it is manifest that the movements of the sum of particles must 


| 
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tend to define curves of parabolic order, and that those thrown toward the 
thread of the current by intercollision must move fastest and farthest. 
Illustrations of this tendency appear primarily in the paraboloid profiles 
of mature streams (that is, in hydraulic grades), and secondarily in the 
prevailing land forms sculptured by running water; the demonstration 
appears in Humphreys and Abbott’s classic determination—the most 
notable contribution of American engineering to hydrophysics—that the 
curves of differential stream-flow are parabolic. It follows that stream 
water may not justly be considered to move in conformable films or even 
as contiguous filaments, but must be conceived to move as an assemblage 
of essentially incompressible and noncoherent and both nonattractive and 
nonrepulsive yet virtually frictionless particles, each responding individ- 
ually to the forces of gravity and collisional resistance with the con- 
stantly varyimg momenta of inertia arising therein, and all responding 
interdependently to the sum of these conditions and forces and also to the 
perturbations introduced by the extraneous particles forming suspended 
and saltatory load. 

The veridity of this concept of the particular mechanics of running 
water is corroborated by the inability of pure water to corrade, since the 
particles are themselves virtually frictionless; by the development or 
intensification of the undulatory tendency soon as the liquid comes in 
contact with extraneous materials producing friction; by the invariable 
development of current ripples themselves assuming paraboloid patterns ; 
by the deadening of breakers through load of any material (sand, mud, 
etcetera) introducing perturbation among the particles; by the geo- 
metrically increasing capacity accompanying increase either of velocity 
or of any load tending to perturb the particles through surface friction, 
and indeed generally by the natural behavior of moving water. The 
concept has the merit, too, of explaining physically the paraboloic flow- 
curves worked out empirically by Humphreys and Abbott, without re- 
course to arbitrary and probably misleading assumptions as to friction. 
The concept also clarifies Powell’s practical induction as to the increase 
of efficiency with load; for it is evident that the internal work (neglecting 
that directly due to wetted perimeter) varies with friction among the 
extraneous particles—that is, approximately with the aggregate super- 
ficies of these particles, capacity and competence varying only with their 
mass (both with the same velocity function)—while the practical case is 
that in which the volume is variable from freshet to low-water stage in 
such degree as measurably to balance velocity and thus eliminate the 
retardation of flow due to the increased viscosity occasioned by the load. 
At the same time the concept elucidates the habit of running water to 
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repel and ground or settle extraneous matter up to a certain point, then 
after adventitious loading to first gather and later triturate the foreign || 
particles until small enough for grounding, and eventually to clarify 
itself even more effectively moving than standing, the general tendency 
being toward the elimination of extraneous or adventitious matter in , 
such manner as to reduce internal friction and consequent expenditure || 
of energy on its way from source to sea—a habit of prime practical im- 
portance already discussed by Powell, inferred by Gilbert, and observed 
by Leighton. Perhaps the chief merit of the concept lies in its relevancy || 
to the classic investigation by Osborne Reynolds into “the circumstances 
which determine whether the motion of water shall be direct or sinuous,” || 
and its sufficiency as an interpretation of his experimental results re- | 
corded by the Royal Society a quarter-century ago; for it is manifest that | 
under the condition of little external constraint (such as pressure or | 
declivity) a relatively small number of mutually frictionless particles 
may adjust their movements to those of a relatively large number of || 
friction-restrained particles, while with either (a) increased constraint er | 
(b) reduced ratio of friction-restrained particles the normal sinuous (or || 
saltatory) movement must recur—a habit also of practical consequence 
as the basis of the law governing the flow of water in pipes. 

On the whole, the concept of streams as made up of discrete particles 
moving saltatorily along paraboloid paths simplifies and coordinates views |) 
of stream-work under the variable conditions of the earth-face; at the 
same time it helps to harmonize the physics of the particular movement 
with both terrestrial and celestial physics in their general aspects. 


CONCEPT OF THE WATER MODULE 


When viewed narrowly, in the light of various analogies, the general 
behavior of running water suggests the nature of the water particle: 
Clearly the diserete particle involved in stream movement can not be a 
single molecule but must comprise a number of molecules of H,O, since 
it must be of sufficient magnitude to undergo the change of state from 
liquid to solid or gas, or vice versa, without disturbing the atomic bond ; 
clearly, too, the particle can not be an air-formed drop constrained by 
surface tension, since it is not isolated and also since surface tension 
itself is due to interrelations of particles (sometimes unnecessarily con- 
ceived as molecules) ; so that, proceeding by exclusion, a discrete aggre- | 
gation comprising several molecules yet smaller (probably much smaller) | 
than an air-formed drop may be inferred prima facie—an aggregation 
perhaps of sufficient size to form an invisibly small particle of vapor or a 
minute spicule of ice with the modification of movement among the mole- 
cules themselves induced by change of temperature. 
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Now scrutiny of streams under the variable conditions of nature 
reveals striking diversities, presumably due to variability in the nature 
and dimensions of the constituent particles: The water of a limestone or 
granite spring is peculiarly transparent yet highly refractive and spark- 
ingly brilliant, notably free and rippling in movement, and manifestly 
tends vigorously and persistently to exclude extraneous matter by prompt 
grounding or above-wash floating ; the same water, when confined in pools 
or mixed with surface-flow, soon loses brilliancy and develops an evident 
tendency to retain and diffuse extraneous matter, which may remain in 
suspension for hours, days, or even weeks, the difference being so impres- 
sive that the million casual observers habitually describe one aspect as 
living and the other as dead; yet the muddied water (in which the extra- 
neous matter may conveniently be conceived as largely lodged between or 
among rather than within the water particles) may be induced to clarify 
itself and at least partially resume its original condition by merely intro- 
ducing a clear stream such as that of the original spring. The ready 
inference is that the particles of the spring water are relatively large and 
free moving, those of the pool relatively small and constrained. This 
inference is consistent with the conditions under which ground waters 
gather—that is, in trickles or series of drops each constrained by surface 
tension and hence of considerable size. It is consistent also with the pre- 
sumable mechanism of clarification of the muddy pool by a clear stream: 
When the flocculation of matter in suspension was investigated by 
Hilgard, and later by Whitney and Cameron, it was found to be affected 
by chemical conditions, but no adequate explanation: was found for the 
flocculent sedimentation due to the introduction of clear and pure moving 
water—a phenomenon akin to that of mere introduction of movement, 
which is well known not only to experimentalists but to every observer of 
streams (including the boy and even the horse who take supplies from 
the riffle rather than the pool) ; yet it is manifest that if the clean particles 
be larger and freer moving, they will on mingling with the stagnant parti- 
cles of the pool enlarge the interstices or thicken relatively the films of 
sediment, and so tend to aggregate the extraneous matter in floccules 
sufficiently large to escape entanglement and gravitate to the bottom by 
a sort of mechanical precipitation somewhat like that in which hailstones 
are formed in the air. 

The inference that the tendency toward flocculation inheres in the 
water rather than the sediment in turn accords with or explains other 
phenomena: A concurrent inference is that the formation of crystals on 
freezing is primarily an attribute of the liquid itself, and that the hexa- 
gonal forms represent lines of structure or tension at or near the surface 
of the liquid, which persistently tends to extrude these solids much as it 
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tends to extrude the extraneous sediment by internal movement, which 
again is in accord with the eryptocrystalline character and high density 
of anchor ice formed on stream bottoms in rapids. The concept of the 
liquid H,O as itself tending toward hexagonal forms similarly helps to 
explain various optical phenomena, including refraction in bodies of 
water, the brilliantly sparkling quality of pure spring water, and perhaps 
the form of refraction exhibited in rainbows and parhelia and also the be- 
havior of bubbles and foams. The several analogies and inferences lead to 
the inference that the water particle involved in stream-flow is a discrete 
aggregation of molecules varying in size from considerably below that of 
the air-formed drop indefinitely downward; with the suggestion that the 
particles tend to assume hexagonal groupings at the surface and perhaps 
on discontinuous planes ordinated therewith, and the further suggestion 
that when in moderate motion the particles tend to increase in dimensions 
and concurrently to extrude extraneous matter by flocculation, freezing, 
etcetera. Manifestly the size of the particle is measurably affected by 
temperature (as it must be also by electrical tension, etcetera), and it is 
convenient to think of it in a general way as varying inversely in size 
with the temperature from a larger aggregation ready to form a crystal 
of ice to a smaller aggregation ready to sever gravitative bonds and float 
into the air as a vapor particle. 

In connection with this view of the water particle, it is noteworthy that 
while the hexagonal tendency in water is so strong that crystals formed 
by freezing will, as shown by Tyndall, normally assume no other form, 
and that groups of bubbles are, as shown by Boys, stable only when every 
point of complete contact is made up of three edges and six planes, each 
pair 120° apart, the hexagonal structure is essentially bi-dimensional and 
the structural units will not fall into stable or equipotential forms in the 
tri-dimensional relation. Conformably, a special series of experiments 
kindly conducted by Cameron and Free show that when similar and equal 
spheres, such as shot (which if compressed in a single layer tend to form 
similar hexagonal prisms), are brought together en masse they tend first 
to gather into groups hexagonal on surfaces and occasional discontinuous 
planes within, and that when further compressed they tend to lose the 
hexagonal type and form indefinitely variable polyhedra, somewhat ap- 
proaching yet never attaining either the rhombic or the pentagonal 


dodecahedron or the icosahedron, and indeed display what may be con- | 


sidered an inherent tendency toward differentiation. All observations 
indicate that if the water particles are uniform and regularly spheroidal 
or polyhedral (though not cubical, which is inconceivable among cosmic 
types) and form stable combinations in the bi-dimensional relation or in 
a single layer, they can not form stable combinations in the tri-dimen- 
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sional relation, and vice versa; and observations and analyses which need 
not be followed in detail indicate that the general proposition is true 
regardless of the forms of the particles, provided they be similar and 
equal (excepting, of course, the cube, which is variable in the internal 
gravitative relation). This innate incongruity (or incompatibility) of 
bi-dimensional and tri-dimensional relations is highly signiicant; it 
would seem to explain directly the virtually endless instability of liquid 
H,O and go far toward explaining the apparently inherent indulatory 
property of water and the relation of this property to the saltatory move- 
ments of its included particles; hardly less directly it would seem to 
offer a physical explanation. of liquidity as a state of matter, while in- 
directly it would appear to lie at the foundation of (or at least extend 
coterminously with) Spencer’s generalization as to “the instability of 
the homogeneous” among planetary phenomena. 

The same innate incongruity in the bi-dimensional and tri-dimensional 
relations, coupled with consequent instability in suspended and saltant 
contents, is attested by the peculiarly automatic behavior of natural and 
artificial bubbles, which readily unite in hexagonal forms on a plane sur- 
face, but with further combination become mutually destructive or at least 
unstable, and in their instability (as in Biitschli’s experiments with oil- 
foams) display such properties as streaming and contractility passing into 
motility, et al., simulating those of protoplasm in extraordinary degree. 
Tn the visible internal movements of the oil-foams and soap-bubble groups 
there is a tendency toward differentiation in size of the constituent units 
manifestly due to interadjustment of external and internal stresses; the 
persistence of such interactionary tendencies is illustrated by the beha- 
vior of foam-clots in eddies of streams rendered viscid by sediment, which 
grow below by capture of bubbles as the upper layers rupture by evapora- 
tion, roll and overturn with the shifting center of gravity, coalesce with 
other clots, multiply by fission, and continuously undergo’ deformation 
and transformation, yet as masses retain measurable integrity for hours or 
days; and this behavior of the heterogeneous units and groups can hardly 
be wholly inconsistent with that of the homogeneous units attested, for 
example, by Mendenhall’s demonstration of liquidity by means of sus- 
pended eggs, in which, both being set in motion alike, the raw egg con- 
tinues in rotation and swing long after the boiled egg comes to rest. 

On integrating these and other indications of the inherent properties of 
the water particle a final concept is gained, in which that particle is a 
structural unit composed of a number of molecules varying with tempera- 
ture and other molecular stresses but responding individually to gravity 
and molar stresses (as in streams, waves, tides), each tending to assume 
the hexagonal form at surfaces or in single layers and all tending to 
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assume irregular polyhedral forms in masses, collectively tending also to 
spread into single layers under gravitative and other stresses and througn 
the consequent interactional movements introducing indefinitely continu- 
ous internal motion of undulatory character in all masses of more than a 
single layer, each unit beg individually susceptible of moderate defor- 
mation but otherwise incompressible and inelastic (without molecular 
rearrangement) and in the collective aspect mutually frictionless and 
neither attractive nor repulsive; the constituent molecules being capable of 
incorporating alien atoms, but the units being capable of incorporating 
extraneous particles only through frictional contact with the foreign sur- 
faces and thereby becoming collectively viscid, with the counter-capability 
of facilitating gravitative separation and clarification and thereby restor- 
ing complete liquidity by their own internal movements, the aggregations 
of units thus tending to maintain their own integrity by continuous 
mechanical adjustment between their own and the alien particles; the 
dimensions of the units being determined (measurably as in air-formed 
drops) by the balance of internal stresses against external stresses. Since 
the unit so conceived is the ultimate quantity of H,O capable of function- 
ing in the characteristic ways and is at the same time the prime deter- 
minant of the rhythmic movement of H,O in masses, it is the natural 
measure and modulator of moving water and can hardly be denoted 
otherwise than as the module of H,O. ; 

While the analogies and inferences indicating the nature of the water 
module are less definite than is desirable, they nevertheless combine to 
yield a concept which is not only worth considering in itself, but would 
seem infinitely more accordant with the sum of terrestrial phenomena 
than the concepts of water moving in films or filaments or in separate 
molecules, hitherto frequently held merely for lack of better. SoME con- 
cept is necessary as a basis for practical applications, and this seems to be 
in accord with all of the more firmly established hydrologic facts. In 
turn it indicates a useful direction of approach in dealing with the more 
pressing problems of hydrology, including soil-erosion, bank-caving, 
bar-building, silting, flocculation, clarification, etcetera, with their appli- 
cations; at the same time it helps to explain in a simple and rational way 
the nature of that habitual interadjustment of internal and external rela- 
tions which imparts to moving waters their seemingly autonomous char- 
acter, and aids in harmonizing terrestrial and celestial mechanics in such 
wise as to suggest new homologies and open new lines of research. 


CUMULATIVE CHARACTER OF WATER WORK 


Conformably with the undulatory and saltatory properties, the virtually 
autonomous work (or functioning) of running water is accelerative in 
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extraordinary degree: When the effective competence varies as the fourth 
power and the capacity as the sixth or seventh power of the flow and the 
efficiency as the eighth or ninth power of the declivity (and the general 
relation holds, regardless of the precise ratios remaining to be deter- 
mined), the correlative factor is time; so that in any formula for the 
hydrokinetic function, time will vary with a power of work so high as to 
render the former factor comparatively unimportant. Similarly, the 
mechanical work of the standing water forming the dominant division of 
the hydrosphere is extraordinarily accelerative, according to the combina- 
tion of external conditions (wind, tidal stress, bottom-friction, etcetera) 
with the undulatory property. Perhaps the most effective function is wave- 
work, which, like stream-work, tends to plane the lithosphere toward such 
uniformity as to reduce its own energizing, as when waves augmented by 
sea cliffs sap the cliffs and eventually remove the cause of their own 
strength, while a single great wave may displace a larger rock than all 
the average waves of a year, or those of a single storm may outwork the 
mean waves of a decade; the tides are notably cumulative, and doubtless 
react on the terrestrial rotation ; while winds and tides cooperate in gener- 
ating powerful currents which work cumulatively in distributing both 
sediments and heat. Both in running and in standing water the accelera- 
tion of work is cumulative in a geometric ratio, and so far resides in the 
undulatory property of the liquid as sometimes to appear disproportionate 
to the direct physical causation; and it is partly im this respect that the 
behavior of moving water takes on the kinetic or autonomous aspect, 
likening it rather to organic activity than inorganic agency. Yet the 
striking fact remains that both running and standing water work at a 
rate conditioned if not initiated by environment for such reconstruction 
of that environment as to fit it for the ready and harmonious movement 
of the medium itself, much as the aqueous vapor in the atmosphere auto- 
matically (or autonomously) regulates the temperature requisite for its 
own maintenance. 

In a general way, the virtually autonomous and accelerative property 
of moving water conditions geologic process in its mechanical aspects: 
Degradation and aggradation are measures of agency rather than time; 
vertical miles of littoral sediments may be accumulated along continental 
shelves, while the abysmal depths gather material so meager that most of 
the mass is organic residua or meteoritic waste; while geomorphic sculp- © 
ture measures declivity a thousand-fold more accurately than time, so 
that the 300-foot post-Lafayette (or Ozarkian) gorges of the Appalachian 
rivers may have been cut while a fraction of one foot was washing from 
the average surface of the intervening plains. In the broad sense, geo- 
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logic product attests process and not time; for under its undulatory 
property the predominant agency introduces at least the germs of kinesis 
and cumulative autonomy, rising so far above inert interrelation as ap- 
parently to bridge the chasm between the typically physical and the 
nascently physiological. 


ROLE OF WATER IN THE ONTOSPHERE 


A relatively minute fraction of the terrestrial H,O is withdrawn from 
‘the distinctive divisions of the hydrosphere and incorporated in living 
organisms—that is, accumulated in what may be denoted the ontosphere ; 
and in this association its behavior is strikingly parallel to that manifested 
in running streams. In plants a widely variable but always considerable 
portion of the organism is made up of water; the circulation involved in 
tissue growth is wholly dependent on water moving in a manner meas- 


urably analogous to stream-flow, carrying material in solution and sus- | 


pension if not in saltation, traversing cells in a manner simulating the 
alternation between pools and rapids in streams, and partly flowing in 
ducts so arranged as to suggest river systems with their automatically 
shaped banks and natural levees—for example, in leaves, in which the 
dendritic vein systems have become progressively more economical during 
the ages of phytic growth from calamite and ginkgo through lanceolate 
and lobate types to the deeply digitate forms of later eons. The source 
of the power involved in maintaining vegetal circulation is doubtless 
evaporation from the stomata, coupled with capillarity and osmosis in the 
vascular system extending from roots to leaves, the pull presumably equal- 
ized throughout by surface tension; and while the circulation may have 
little or no effect in maintaining the temperature of the organism, many 
structures have become so adapted as to permit congelation without injury 
‘to those plants and products that survive seasonal changes. In animal 
bodies the quantity of water is less variable but generally large, averaging 
some 75 per cent of the weight of the body in the higher orders; the office 
of circulation is extended, so that the liquid is loaded with corpuscles and 
phagocytes and other particles themselves bearing or being materials of 
tissue growth and waste, and is typically moved by adaptively developed 
structures in the undulatory (or pulsatory) way characteristic of stream- 
flow; while the rate of movement and the capacity for load of the cireu- 
Jatory fluid are regulated by autonomously evolved structures in such 
manner as to control (increasingly from lower to higher forms) the tem- 
perature of the organism independently of exterior conditions, much as 
the atmospheric vapor regulates the temperature of the planet independ- 
ently of that of interstellar space. 
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The correspondences between vegetal and animal functioning and the 
virtually autonomous work of moving water are too many and perhaps 
too indefinite for enumeration; yet a fundamental likeness appears in a 
circulatory mechanism so adapted as to adjust internal relations to ex- 
ternal relations continuously, and eventually to reduce external conditions 
to conformity with internal conditions. The organic functioning indeed 
attains a higher order of autonomy, a more complex form of action, a 
more continuous type of structures, and the coordinating attribute of 
vitality ; yet it may be seriously questioned whether the differences are not 
of degree rather than kind—and it may not be denied that the analogies 
(or homologies, if the correspondences be regarded as such) arise chiefly 
in the pulsatory property of water. 

It is significant that while the aggregate volume of the ontosphere (in- 
cluding the H,O forming its major portion) is small, its efficiency in 
modifying the earth face is disproportionately large: The rate of geologic 
process on each part of every continent is largely controlled by the flora 
and the soil which the floras of the ages have accumulated, while during 
each eon the flora itself has been modified and started toward reconstruc- 
tion by the fauna, as when the cryptogams of the Paleozoic were set on 
the way to decadence by flower-seeking and pollen-bearing insects, when 
fruit-bearing trees were placed in the lead by the help of seed-scattering 
birds, and when man appeared to cultivate the innocuous and exterminate 
the noxious among the fruits and grains and tubers. 

Considered in the planetary aspect, the functions of the ontosphere 
merely raise to a higher plane the agency of the hydrosphere in regu- 
lating terrestrial conditions and shaping terrestrial progress; and both 
planes are parallel with those next higher, in which the attributes per- 
taining to both merge in still more complete autonomy. In a broad way, 
it is the function of the hydrosphere to propagate motion (molar and 
molecular) and form structures, and the function of the ontosphere to 
propagate both motions and structures; while the structures are distinct, 
the laws of the motions have much in common, and the functions of both 
spheres involve at least measurable self-activity and tend alike toward 
self-perpetuity. 

THE FIBLD OF HYDROGENY 


While terrestrial organisms are primarily dependent on the presence of 
terrestrial H,O in such abundance as to be fairly free of inorganic chem- 
ical and mechanical restraint, certain organisms at least produce (or re- 
produce) H,O through their own vital processes: In assimilation by 
higher animals, carbohydrates (for example, starch, cellulose, sugar, some 
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fats, etcetera) are decomposed in such manner as to yield H,O and CO,, 
the latter in quantities affecting the atmosphere in buildings and even in 
cities, and the former in a corresponding ratio which has received less 
attention ; and certain organisms of arid regions have acquired the faculty 
of dispensing with free water, apparently depending wholly on this inter- 
nal source of H,O for the maintenance of their vital functions, as in the 
case of the desert mice recorded by Coville. While vegetal assimilation 
is generally confined to simpler compounds, certain desert plants living 
on hydrated rock-matter have acquired highly developed structures and 
vital processes adapted to the arid conditions (including notably abun- 
dant starch and cellulose in their tissues), and apparently produce (or 
reproduce) at least enough of the H,O.employed in the solution and elab- 
oration of substance and maintenance of circulation to prolong their vital 
functioning through rainless months and years. 

Considered as a planetary constituent, the water contributed by organic 
agency is not only inconsiderable in amount but probably a mere restora- _ 
tion of H,O temporarily tied up in terrestrial compounds; yet, regarded 
as a planetary process, the generation (or regeneration) is most signifi- 
cant, in that it marks a distinct type of interrelation in which organic 
activity attains a higher order of autonomy and initiates a more effective 
control of potential and adjustment of internal relations to external rela- 
tions than pertains to the planes of stream-flow and circulation, though 
again the difference is of degree rather than kind. The general process 
may be denoted hydrogeny; for, even if it involves (as seems probable) 
nothing more than the liberation of locked-up material, it appears to 
open a natural way toward the perpetuation of the ontosphere through 
its own functions in a manner somewhat like the ways in which the 
hydrosphere perpetuates the balance among its own states and divisions 
through temperature control, and in which streams perpetuate their own 
valleys through rock-transfer. In relation to the external, stream-work 
is ephemeral, organic agency individual and generational; while the 
hydrogenetic function spans secular time and embraces latent poten- 
tiality. 


APPLICATIONS OF HYDROLOGY 
PUNCTIONS OF THE PSYCHOSPHERE 


Viewed broadly, it is the function of organized intelligence to control 
natural powers—the powers comprising both molar movements and those 
molecular motions determining the properties of materials, the means of 
control including those suggested by natural interrelations, and the organ- 
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ized intelligence (chiefly human) constituting the psychosphere ; and the 
function is and must be exercised primarily through the ontosphere: 
Here the psychosphere and hydrosphere touch and interact, and here 
telesis arises; and while in assuming control of the terrestrial H,O men 
began as mere organisms, they have advanced through successive stages 
by means of the collective action attending social and industrial develop- 
ment toward the end of complete control through a perfected hydron- 
omy—an end not yet attained on any part of the planet, although coming 
definitely into view through scientific prevision. The stages of advance 
fall into a natural order, which is at once logical and historical : 


USE OF THE CORPUS 


The initial stage in utilization is that of water-supply first for organic 
and later for industrial needs, both tending toward increased control of 
the natural H,O: The earliest uses were for individuals and families, fol- 
lowed by uses for stock and agriculture and then for manufacturing; of 
late, uses for communities and cities have arisen, and state and national 
uses are in prospect. The basis of the stage is the substance or corpus 
of the surface and ground water, which was first drawn in common from 
chance sources, and hence came to be regarded as a prime necessary of 

life and not an object of property; and when wells were made and springs 
improved the proprietary right was frequently deemed to inhere solely in 
the appurtenances, either including or not including the circumjacent 
land. With growing population, certain sources were gradually brough* 
under protection and the water was clarified and purified with a view of 
preserving the health of communities (for H,O is the foremost human 
and stock food, forming fully four-fifths of the normal dietary and con- 
stituting a corresponding proportion of the normal body) ; and in popu- 
lous communities both the sources and the water have become the objects 
of inchoate or established proprietary right, the title usually vesting iu 
the municipal or other community ; for in this, as in many other respects, 
states and nations lag behind individuals and communities in recognizing 
fundamental interests. 

The average adult ingests about five pounds of water daily ; the average 
daily consumption for all purposes in cities ranges from 10 to 200 gallons 
per capita, generally increasing with the size of city and appreciation of 
hygiene ; the 1,500,000,000 inhabitants of the world probably use a cubic 
foot (some 8 gallons) apiece daily for necessary purposes, or an aggregate 
of about 550,000,000,000 cubic feet (3.73 cubic miles) annually, or about 
1/364 of the mean annual rainfall (200,000,000,000,000 cubic feet) on 
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mainland United States; the cost, both absolute and relative to other 
elements of the dietary, varies widely. 


NAVIGATION 


The earliest stage in the collective utilization of water is that arising 
in navigation: Long before written history began, the continents were 
peopled through migrations along shores and streams, and most of the 
primitive peoples were more or less adept in the use of water craft; later, 
exploration and settlement followed waterways, and the leading countries 
of the world have adopted regulations for ocean and lake commerce and 
have entered on the control of rivers and the construction of canals for 
inland navigation. The basis of the stage comprises the 142,000,009 
square miles of water surface on the globe, and the 6,000 cubic miles of 
river water flowing seaward annually from the 55,000,000 square miles of 
land surface. Originally common to all, the oceans may be said to have 
passed under commercial control, largely national and international, 
though little progress has been made (save in certain harbors) toward 
physical control. The rivers and lakes are generally used in a nominal 
degree for commercial purposes by the nations in whose domains they le, 
and in a relatively small number of rivers (with a few canals) physical 
control has been undertaken, usually through the transfer of material by 
excavation and filling—that is, by processes for which moving waters are 
the natural and by far the most effective and economical agency. 

Water affords the most economical means of transportation, and in a 
general way oceanic commerce increases geometrically with the growth of 
the world’s population; in some cases inland navigation increases with 
population, in others it declines either temporarily by reason of econom:e 
conditions or more persistently through indifference or inefficiency of 
states and nations. In no country has complete control of navigable and 
source streams been undertaken in the interests of mankind, though in 
America a general plan for doing so has been approved by the chief ad- 
ministrative authorities of states and nation. > 


POWER 


The next collective stage is that of power arising in natural movement : 
Stream-flow and oceanic currents were utilized to facilitate navigation in 
the earliest times, and many primitive peoples derived from waterfalls 
and rapids the power required for certain rude industries; later under- 
shot and breast and overshot water-wheels were perfected, and sluices 
and dams and reservoirs were devised to utilize the natural head first of 
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smaller and later of larger streams; still later turbines were installed and 
entire rivers were brought under control ; while in some cases tidal ebb and 
flow were turned to work, and wave-motors were invented. The chief basis 
of the stage is the 6,000 cubic miles of stream water annually descending 
from an average altitude of 2,300 feet over the 55,000,000 square miles 
of the lands of the globe (equivalent to 6,500,000,000 theoretical horse- 
power, or perhaps 20 times the aggregate steam-power, animal-power, 
wind-power, and man-power used throughout the world) ; a secondary 
basis is the tide-power and wave-power of oceans and sounds, seldom 
available under existing economic conditions albeit a vast prospective 
resource ; while an indirect basis is sun-power, of which the availability is 
absolutely conditioned (as indeed is human and all other terrestrial life) 
on the aqueous vapor in the atmosphere. 

The direct utilization of water-power entered on a new era within a 
decade with improvements in electrical transmission. While no people 
has thus far undertaken the systematic utilization of this interest or 
established the proprietary rights arising therein, the leading nations are 
awakening to its importance, and in America a national policy of com- 
plete water utilization (including power) has been foreshadowed as an 
essential of national perpetuity. 


DIVERSION 


The fourth stage in utilization is that of diversion of the natural move- 
ment of water by artificial means for human ends: Even in prehistoric 
times the natives of India, Peru, and other lands diverted streams either 
for direct water-supply or for increasing the fruitfulness of lands chiefly 
by irrigation ; and reclamation by irrigation or drainage or both combined 
(for the processes are correlative) is more or less extensively employed in 
several countries, while in arid regions generally and in some humid re- 
gions the natural waters are at least partially diverted and redirected 
toward agricultural ends. Of late the purposes of diversion are multi- 
plying apace; municipal storage and purification; the development cf 
power, both directly and through steam; the direct application of power 
as in hydraulic mining and excavation; the transfer of material in sus- 
pension and saltation in connection with dredging and jettying and in 
warping and filling; the transfer of material in solution as in salt extrac- 
tion ; the transmission of power as in hydraulic presses and elevators; the 
transmission of thermal energy for heating or cooling buildings; and 
even the utilization of proper terrestrial heat and quiescent vulcanicity 
by means of circulation through deep borings—these are among the 
multifarious purposes. 
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The primary basis of the fourth stage is the 30,000 cubic miles of 
water annually distilled from the clouds over the lands of the globe, of 
which amount some 50 per cent is evaporated (thus serving to temper 
climate), while an average of some 20 per cent flows seaward in streams, 
and perhaps as much more becomes ground water, leaving a considerable 
fraction to be consumed in organic growth or inorganic chemical combi- 
nations; the secondary basis (in both positive or injurious and negative 
or beneficial aspects) comprises the earth-matter carried into the ocean 
in solution, in suspension, and in saltation—that is, about 1 cubic mile, 
20 cubic miles, and say 3 cubic miles respectively every year. 

In humid regions generally the primary water-supply is disregarded or 
deemed appurtenant to the land and the off-wash is complacently ignored, 
while in arid regions men early began to realize that productivity and 
even habitability are dependent on the retention of water and the -preven~ 
tion of wash; indeed, under the bitter strife for existence amid sun- 
scorched sands, water became a vital currency, eventually engendering an 
altruism which ripened into world-civilization and spread from the deserts 
of the globe to blend in modern culture. 

Partly by reason of the fundamental differences between humid and 
arid regions, the customs and laws of the world’s nations respecting the 
control and use of water are diverse: Several states among the world’s 
countries provide for the appropriation (or expropriation) of water, for 
the diversion of streams, and in same cases for retaining storm waters in 
reservoirs; in a few cases forestation or other agricultural devices have 
been adopted at least partly to equalize stream-flow by diminishing storm 
run-off and increasing the volume of ground water; but the development 
of a common-law doctrine on a practically riverless island in a humid 
zone, with concomitant juridical precedents and procedure on differently 
conditioned continents, has greatly retarded recognition of the real inter- 
ests involved, and it is only recently that a comprehensive system has been 
proposed for the control and utilization of the entire water-supply of a 
single nation—the United States. 

The modern plan contemplates complete diversion—that is, artificiali- 
zation—of the natural water movement both on and below the surface, 
in such manner as (1) to prevent floods by so managing the soil and soil 
cover that the local rainfall will be absorbed where it falls; (2) to spare 
the soil, and so save the stream from contamination; (3) to increase 
productiveness by checking erosion and securing better distribution of 
the ground-water; (4) to equalize and clarify the streams by preserving 
and maintaining ground-water seepage, as well as by diminishing fresh- 

(5) to coordinate works connected with water-supply, navigation, 
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power development, irrigation, drainage, and other purposes in such man- 
ner that each will form a part of an interdependent nation-wide system ; 
(6) to utilize the natural corrasive and transportative power of streams 
for their own improvement; and (7) to so extend navigation and water 
transportation as to meet the multiplying needs of increasing population. 


PRODUCTION 


The final stage of water utilization is prospective rather than present ; 
it pertains to hydrogeny—the actual production of water through organic 
decomposition of compound substances: The production of water at will 
promises to mark one of the two greatest steps in the human aspect of 
planetary development; the earlier step was the conquest of fire (un- 
doubtedly beginning with mere associative use, passing to diversion, and 
ending with nearly complete creative control), which separated even the 
lowest man from the highest beasts and permitted progressive utilization 
of natural chemical reactions in which relatively complex compounds 
were reduced to relatively simple form in such manner as to yield useful 
energy with useless byproducts; the later and largely prospective step is 
the subjugation of water (already under way through associative use, 
now passing to diversion, and destined to advance toward complete and 
perhaps creative control), which will undoubtedly permit eventual utiliza- 
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are reduced to simpler form in such manner as to yield a useful byproduct 
with immaterial expenditure of energy. The possibilities are vast, but 
thus far too vague to be pursued—at any rate beyond such prophetic indi- 
cations as (1) Burbank’s inventions of novel or improved cacti capable of 
collecting and storing effective quantities of H,O available for the susten- 
tation of stock in arid regions, and (2) McDougal’s novel applications of 
these water-storing organisms as soil-media for the growth of other plants 
(thereby literally performing the miracle of producing grapes from 
thorns), which seem to open the way to conquest over the world’s deserts 
for human weal. 


EPILOGUE 


Summarily, the terrestrial H,O, or hydrosphere, envelops the entire 
planet in the five natural divisions of sea water, ground water, aqueous 
vapor, ice, and stream water; in an automatic (and virtually autono- 
mous) way it so controls planetary temperature as to maintain in slightly 
variable yet effective proportions its own liquid, gaseous, and solid states ; 
in contact with other substances and in some measure inherently, its 
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motion is undulatory or pulsatory, and in streams it moves extraneous 
matter in a saltatory way, thereby automatically (or autonomously) ad- 
justing internal relations continuously to external relations and eyven- 
tually adjusting the land surface of the planet to its own movement; in 
streams, and measurably in lakes and seas, it consists of inert and inelas- 
tic frictionless particles or modules of variable size, inherently incon- 
gruous and unstable among themselves, each tending individually and all 
tending collectively to move saltatorily in paraboloid paths adjusted to 
gravity and friction with bed and load; it enters into and forms the 
greater part of terrestrial organisms, which also adjust internal relations 
continuously to external relations and tend to direct both internal and 
external physical processes toward their own perpetuity and toward a pro- 
gressive control of the terrestrial H,O itself; and through organic func- 
tion it forms a prime requisite for organized intelligence, which contin- 
ually readjusts internal relations of organic and other materials and 
powers to the sum of external relations in such manner as to increase its 
own control over planetary conditions and thereby perpetuate its own 
existence with that of the organisms and the menstruum on which they 
alike depend. On these and related elements scientific plans for the 
utilization and ultimate control of the terrestrial H,O may safely rest; 
and on these and related scientific plans in turn the hopes of men and 
nations for their own prosperity and perpetuity may confidently be 
founded. 
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INTRODUCTION 


Redstone, as it has been called for an indefinite number of years, is a 
conspicuous hill of quartzitic rock in the valley of the Minnesota river, 
midway between the towns of New Ulm and Courtland. The aim of this 
paper is to describe, geologically, this Redstone and the region which 
immediately surrounds it. The name Redstone, as used here, has never 
been employed as a geological formational name, and in the present paper 
it will be used for the particular hill, Redstone, while the term Courtland 
quartzite is the geologic formational name of the same rock. The old 
village of Redstone, which stands at the foot of the quartzite hill, has 
taken its name from that of the rock, rather than the name of the rock 
from that of the village. 

The Redstone quartzite outcrops in an area of about 2 square miles 
east of the village of Redstone, on the left side of the Minnesota river, 
along the railway from New Ulm to Courtland, Minnesota. It is a con- 
spicuous feature in the valley because the hill of rugged quartzite rises 
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about 175 feet high above the river’s level and extends out from the north- 
east side of the valley so far as to turn the river from a direct course. 
The valley widens opposite this quartzite barrier—that is, on the other 
side of the river. None of this quartzite is seen on that side of the river 
and no such outcrops of it appear elsewhere along the valley, so that the 
Redstone has the appearance of an isolated block. 

On the north side the quartzite extends under glacial deposits at the 
foot of a scarp which is the side of the valley. The highest point on the 
Redstone quartzite hill is in fact below the general surface level of the 
glacial drift on either side of the valley, and its position is such as to 
clearly indicate that it was once covered by glacial deposits, and that its 
uncovering from the drift has been due to the great glacial river Warren, 
which excavated the Minnesota valley to its present size. The quartzite 
being very resistant to erosion, the great river, which at first flowed over 
Redstone hill, later worked out an easier course around the south side of 
this rock mass. The Redstone quartzite has thus been left obtruding 
above the bottom of the valley. In similar manner, river silts of Cre- 
taceous age, on the sides of the quartzite mass, show that in that age also 
it formed a prominence above a river. ‘The Cambrian sedimentary rocks 
in turn appear as laid down about its foot, on the shores of an encroach- 
ing sea. 

The Redstone, or Courtland quartzite, has therefore this distinction, 
that it stands in close relation, although unconformably with recent and 
Pleistocene deposits, with Cretaceous and with Cambrian, as well as with 
supposed Archean formations. ‘hese diverse formations are uncon- 
formable also, each to the other. The geologic history of the Redstone 
quartzite mass is to a large extent a key to the geologic history of the sur- 
rounding territory. Detailed account of these formations and their rela- 
tions is given in following chapters. 

In regard to literature concerning the Courtland quartzite and the for- 
mations about it, the work of C. W. Hall, Warren Upham, N. H. Win- 
chell, and Leo Lesquereux are important. ‘The first named author has 
summarized all the earlier literature on the quartzite and the granitic or 
gneissic rock in particular, and the other authors named embody the 
knowledge of the Cambrian, Cretaceous, and Pleistocene formations. A 
list of the works to which reference has been made is found at the end of 
this paper. 

For opportunity to study closely the geologic formations around New 
Ulm, Minnesota, I am indebted to Dr O. C. Strickler and the New Ulm 
Commercial Association. or assistance and valuable geologic informa- 
tion, I am under obligation to Mr Benedict Juni, of New Ulm. 


ARCHEAN OR GRANITIC ROCKS BIS 


The geologic field about the Redstone and the neighboring parts of the 
Minnesota and Big Cottonwood valleys has proved to be an inviting 
one. Hach of the geologic formations demanded more complete investi- 
gation than had been accorded them before, partly by reason of advance 
in knowledge of correlative rock formations in neighboring regions which 
have been studied by geologists since the above-mentioned works were 
published and partly by reason of discoverable new evidence and needed 
correction of previous observations. Advance, which has been making in 
the knowledge of the “Iron ranges” and of the Baraboo, Wisconsin, re- 
gion in particular; the changed interpretation of the Dakota sandstone 
formation, and the question of distinct glacial periods demanded review 
in relation to this region. Some rock exposures which had been called 
Cretaceous are found to be altered Archean granitic rock. A volcanic dike 
has been newly discovered in the Courtland quartzite at Redstone, and 
this affords good evidence on the question of structure and induration of 
that rock. Quartzite conglomerate is found to be Cambrian and not con- 
temporaneous with the Courtland quartzite. The Cretaceous strata of 
wide extent are found to be fluviatile and lacustrine in origin rather than 
the product of the “Cretaceous ocean.” The glacial deposits show two 
distinguishable till sheets with evidence of pre-glacial and inter-glacial 
valleys corresponding to the present Minnesota. As already indicated, 
the Redstone quartzite is of paramount interest in itself, besides having 
an important relation to the other formations. The accompanying 
geologic map (figure 1) shows the extent of the geologic formations. 


Tur ARCHEAN OR GRANITIC Rocks 


Two areas of granitic or gneissic rock appear in the region about Red- 
stone. One of these is on the Big Cottonwood river and the other on the 
Minnesota. The former is the larger, but has not been before described 
excepting by Upham and Winchell. Upham refers (6,? volume 1, page 
574) to it as a Cretaceous clay forming the base of a “section on the Cot- 
tonwood river south of New Ulm,” which he cites from Winchell. It is 
described as follows: 

“4. Fine somewhat gritty clay, largely aluminous. This is white and, when 
long submerged, soft and fluid-like, but when dry has to be quarried by blast- 
ing. This, mixed at the rate of two-thirds with one-third of No. 3, makes a 
fine, white firebrick—seen 12 feet.” 


This rock is in truth an altered or rotted granite in situ, rather than a 
Cretaceous clay. It has been bored into about 15 feet below the level of 


2 Figures in italic refer to citations at the end of this paper. 
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W1GuRH 1.—Geologic Map of Redstone and the Region near New Ulm, Minnesota 
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the river and is seen 10 or more feet above the river. It recurs in out- 
crops for half a mile down the river from the point, referred to by 
Winchell, where the brick were made. It consists of angular grains of 
quartz and small ferruginous concretions embedded in a kaolin ground- 
mass, which is evidently altered feldspar, etcetera. The rotting of the 
granite will be discussed in considering the Cretaceous. The depth to the 
unaltered granitic rock has not been determined, but I have mapped the 
area as that of a granitic rock (see figure 1), where only recent alluvial 
deposit covers it. 

The area of granitic rock outcrop in the Minnesota valley hes at the 
margin of the floodplain of the river, on its left (east) side, opposite New 
Ulm. This is practically unweathered rock and, as well described by C. 
W. Hall (10, page 25), it is “granitic in texture, of medium coarseness, 
somewhat porphyritic, and of reddish color, due to the abundance of red 
feldspar. Jt is hornblendic, but contains only a small. portion of basic 
constituents, . . . .” Veins of white quartz 1 to 8 inches wide 
oceur init. The freshness of the rock here is due, I think, to the protec- 
tion of a former covering of quartzite conglomerate which is seen out- 
cropping still at 150 paces to the east of it. The surface of this exposure 
reaches to about 800 feet above tide, while that on the Big Cottonwood 
reaches nearer 850 feet. In the city wells of New Ulm, granite is said 
to have been struck at the depth of 190 feet—that is, at 650 feet above 
tide. At Shell’s brewery, on the Big Cottonwood, it was not so deep. 
Evidently the granitic rock has an uneven surface and is yet of wide ex- 
tent. Presumably it lies also under the Courtland quartzite, but at what 
probable depth will be considered in discussing that rock. Further, the 
erosion of the granitic rock and the alteration of its superficial part will 
be discussed in relation to the Cambrian and Cretaceous formations. 
The age of this rock is here assumed to be Archean. 


THE COURTLAND QUARTZITE AND THE PorPHYyRY DIKE 


The ancient name Redstone could not be used for the quartzite forma- 
tion of the Minnesota valley without confusion in terminology and it has 
not been adopted, although otherwise it would have been a very appro- 
priate name. The term New Ulm quartzite is found in “North Amer- 
ican Geologic Formational Names,”? where its origin is accredited to 
Winchell (5, volume 2, page xxii). It is, however, not evident that 
Winchell intended to introduce a new formational name. When he used 
the words “New Ulm and Pipestone quartzites (Potsdam)” he rather in- 


3K, B. Weeks: Bulletin no, 191, U. S, Geological Survey, 1902, 
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tended, I think, to say Potsdam at New Ulm and Pipestone. In the 
same volume in which this expression just quoted was used, Upham (6, 
volume 2, page 157) calls the formation “Potsdam conglomerate and — 
quartzite,” thus following Winchell, who says, in the preceding volume 
(volume 1, page 537), of the quartzite of Pipestone: “probably the equiv- 
alent of the New York Potsdam sandstone, but which Dr C. A. White, 
of the Iowa survey, has designated the Sioux quartzite . . . .” As 
formational names, the terms New Ulm and Pipestone would he at once 
synonymous with each other and with the name Sioux quartzite, and all 
these three with “Potsdam,” according to Winchell, and it seems improb- 
able that he intended to introduce the former as formational names. At 
a later date (9, page 157) Winchell says: 


“This seems to prove that the Sioux quartzite, the New Ulm quartzite, the 
Baraboo quartzite, and the Barron County quartzites are of the same age. 


” 
. 


They are that which Wisconsin geologists have called Huronian, as 
Winchell also pointed out. Whether the words New Ulm quartzite were 
intended or not as a formational name, Winchell included under it two 
distinct areas of rock exposure, which now appear to be of very diverse 
age, namely, the quartzite at Redstone, in the township of Courtland, 
between the town of the same name and New Ulm, and the quartzite con- 
glomerate seen near New Ulm. 

Reference of the Redstone quartzite to the “Huronian” or to the “Pots- 
dam” is not definite enough, and even the term Sioux quartzite, though 
undoubtedly applicable, is not such as to preclude the use of a term of 
narrower definition. I propose therefore to use the formational name 
Courtland quartzite here, with the understanding that the type locality 
is the Redstone near New Ulm. The name New Ulm will apply to the 
quartzite seen opposite that city. 

Considering the Courtland quartzite, this formation at Redstone has 
been displaced and then profoundly eroded; so that the surface, which 
rises in a series of exposed scarps and soil-covered terraces from the river 
to the summit of the hill, is estimated to cross some 300 feet of strata in 
150 feet elevation. The northern part of the area shows the lesser dip, 
and the southern side of the area shows the greater dip, so that in crossing 
it from north to south the general impression to me is that of approaching 
a great fault from the downthrow side. 

C. W. Hall (10, page 22) finds, from an average of many observations 
in diverse places, that “the strike of the quartzites is north 60 degrees to 
70 degrees west, and the dip varies from 5 degrees to 27 degrees north.” 


COURTLAND QUARTZITE AND PORPHYRY DIKE eT 


Both cross-bedding and minor faulting interfere in the measuring of the 
dip. The most distinct evidence of faulting I discovered in a dike. 

Dikes have not been heretofore reported here, though they were to be 
expected. The one which I have discovered is on the north side of the 
railway cut, in the quarry of the New Ulm Stone Company. It appears 
as a clay seam, a foot wide, perpendicular to the bedding of the quarry 
rock and crossing the quarry north 25 degrees east. It is exposed some 
20 feet from the surface downward. The clay is dove-colored, with rhom- 
bic patches of white, marking it as a rotted or altered feldspar porphyry. 
The east or hanging wall is slickensided, and the dike is brecciated or 
erushed near it, so that white patches are drawn out into irregular seams, 
from which I infer that faulting had taken place parallel to the dike be- 
fore the porphyry had altered to clay. ; 

Since this undiscovered dike was at the railroad cut where all geologists 
have walked, evidently it was not easily recognizable until the quarry 
worked some distance into the hill. Many more such dikes may exist. 
The rock of the dike has been less resistant than the quartzite, so that 
rotting and erosion have made a depression at the surface where it out- 
crops and the depression is filled with soil and covered by vegetation. 
Any other dikes would be likewise obscured. The quartzite also graduates 
from very hard to softer or “sandstone” areas, and these at the surface 
correspond with erosional depressions. ‘To this the apparent terracing of 
the hillside is due (10, page 21). The many similar depressions may 
conceal also a few dikes. 

Both the faulting and the erosion of the quartzite are difficult to rightly 
interpret without explanation of the phenomena of rock alteration. I 
take the view that the entire mass of rock now remaining at Redstone 
was once all vitrified, and the induration of sandstone to quartzite pre- 
ceded the intrusion of lava now represented by the dike. Displacement 
then followed or in part preceded the intrusion. In the geologic ages 
since that time, the percolation of water down the joints has redissolved 
the cement, making “sandstone” patches and strata again. This view is 
not in accord with that expressed by Irving and Van Hise, who say 
(7, page 34) : 

“At Redstone the transition from argillaceous, reddish sandstone to com- 
pletely vitrified, brick red to purple quartzite are frequent and abrupt. In 
places over considerable areas the appearance is as if the rock at higher levels 
had been vitrified by exposure. But in the railway cutting it is seen that the 
vitreous quartzites are not restricted to the exposed portions, but are inter- 
stratified with, and arranged in irregular areas in, an entirely unindurated 
crumbling sandstone. The peculiarly irregular distribution of the induration 
and the abrupt transitions from indurated to non-indurated material suggest 


the possibility of its production by descent along joints and spreading thence 
through the layers of a silica-bearing solution,” 
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In the quarry certain shallow erosional depressions on the surface of 
the rock overlie patches of sandstone within the flinty quartzite. The 
patches are kettle-shaped, two or more times as deep as wide. Other soft 
patches extend on either side of joints. The dike just mentioned, besides 
being itself altered to clay for 20 feet (as far as it is seen); is in contact 
with leached walls. The foot wall for 4 feet is light-colored, becoming 
then red. The hanging or east wall is soft, sandy, light-colored rock for 
6 inches next to the fault line, and then 2 feet of light quartzite are fol- 
lowed by the normal read. In the neary-by railroad cut the jointing and 
the leaching of the rock are seen to follow the stratification largely. In 
texture the quartzite consists of crystalline sand grains which are en- 
larged, either interlocking or with interspaces filled by silica, which may 
be partly amorphous. The sandstone phase has also secondarily enlarged 
grains, lacking the cement. The sandstone may be the quartzite with 
the cement redissolved—that is, with the last deposited mineral first re- 
moved again by leaching. Again: “there seems to have been a cutting 
down of the original grains and the formation of a cryptocrystalline 
groundmass inclosing scattered and corroded grains of quartz” (10, page 
22). Hall (place cited) attributes this corrosion of the sand grains to 
downward circulation of water, though he appears to hold as nearly as 
was practicable the same view as Irving and Van Hise regarding the in- 
duration of the rock, for he says: “The silica thus dissolved and removed 
has doubtless acted as the indurating material for the underlying layers.” 
The evidence of the deeply rotted volcanic dike in the quartzite argues 
that the leaching of the rock is vastly greater than has been realized here- 
tofore. The induration also was originally general and deep, and the 
“sandstone” represents disintegrated rather than non-indurated rock. 

By reason of the leaching and erosion as described, any original minor 
faults as well as dikes would tend to be concealed at the surface of the 
exposures. In the southern portion of the area, which is the more in- 
clined and disturbed, the greater leaching and erosion has taken place, so 
that the lower strata appear there. Very evidently the hill of quartzite 
stands as it does because of the extreme resistance which the massive 
quartzite offers to erosion and weathering, and the relation of the Court- 
land quartzite to other rock formations should be interpreted accordingly. 
_ Some consideration may be given also to the fact that the lower strata 
are in part argillaceous, while the higher ones are rather uniformly pure 
and coarse-grained, becoming pebble-bearing or conglomeratic in certain 
of the strata. 

The extension of the Courtland quartzite to the northeastward is indi- 
cated, as C. W. Hall says (10, page 23), by boulders strewn in the glacial 
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drift 4 to 6 miles from Redstone. The formation at Redstone appears to 
continue in force, under the glacial drift, in that direction. To the west 
it seems to end abruptly, since the granite rises in place of it in the Big 
Cottonwood valley, as already described. The total thickness of the for- 
mation is not known. ‘The estimated 300 feet of strata in the exposed 
portion may be too little or possibly too great an estimate. Concealed 
faulting may decrease the apparent thickness or possibly increase it. 
Likewise the extent of this formation between the lowest exposed stratum 
and the: granitic rocks beneath it is uncertain, because the amount of 
downthrow which the quartzite has suffered in relation to the granitics, 
seen westward of it, is unknown. The resistance of the quartzite to 
degradation from surface exposure is strikingly greater than that of 
granite, and therefore the relatively lower outcrops of the granitic rocks 
is not good evidence that they were not once as high or higher than the 
quartzite at Redstone. Since the extent of the original dislocation is un- 
known, the depth to granite under the quartzite is uncertain and, more- 
over, the existence of other geologic formations between them is possibly 
to be expected. Although it has been assumed by geologists that the 
quartzite at Redstone rested on the granitic rocks because these appear 
close below the New Ulm conglomerate quartzite, which was supposed to 
be the basal beds of the Courtland quartzite, yet there is reason for think- 
ing to the contrary. That conglomerate is of Middle Cambrian rather 
than of the “pre-Cambrian.” 


Tuer New ULM BASAL CONGLOMERATE: CAMBRIAN 


The quartzite conglomerate which outcrops on the left side of the 
Minnesota river, opposite New Ulm, a mile and a half above Redstone, 
has been heretofore considered by geologists as the basal part of the Court- 
land quartzite. It lies closely over the granitic rock; its strata dip 10 to 
15 degrees, as if dislocated; it is a quartzite, and the contained pebbles, 
as reported, were all from formations older than the Courtland quartzite, 
whence the conclusion was easily drawn that it represents the basal part 
of the quartzite as seen at Redstone. In speaking of the contained peb- 
bles in this conglomerate, Upham says (6, volume 2, page 159) : “Neither 
the granite that outcrops close at the west nor the quartzite that occurs 
on a large area 114 to 3 miles distant toward the southeast seems to be 
represented.” C. W. Hall (10, page 23) makes essentially the same 
statement, and N. H. Winchell (9, page 156) says: “Probably there is no 
one who would call in question that this conglomerate and quartzite (that 
is, Courtland quartzite) are earlier than the Keweenawan eruptive age.” 

In company with Benedict Juni, I examined the ledges of the New Ulm 
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conglomerate somewhat closely, and found pebbles of quartzite and even 
of quartzite conglomerate like the rock which is in situ at Redstone. By 
this criterion, the New Ulm conglomerate quartzite is later than the 
Courtland quartzite and may be of Cambrian age. Further, the fact that 
this conglomerate is indurated is not evidence that it is Huronian or that 
it is not Cambrian. Quartzite masses are not uncommon in neighboring 
sandstones; for example, in the Jordan sandstone on the Blue Earth 
river, and in the Shakopee formation at Mankato, and therefore an 
indurated conglomerate of Cambrian age is not anomalous. ‘The dip of 
the beds in such a coarse, thickly packed, unassorted conglomerate may 
well be that of original cross-bedding, and the close relation or evident 
contact with the granitic rock is in accord with the known unconform- 
ability of the Middle Cambrian upon older rocks in Minnesota. 

In regard to the contained pebbles, those of quartz and of jasper or 
taconite are very abundant, while those of fine-grained gneiss are few and 
those of quartzite are rare. The quartz may be considered as mainly 
derived from Minnesota Valley granites, and the quartzite from the 
Courtland quartzite, while the gneiss and jasper are from formations not 
seen, though probably existing in this region. Numerically considered, 
the quartz pebbles are most numerous and the granitic rocks are imme- 
diately near; the quartz pebbles are rarest, and the rock in situ is seen a 
mile away. Accordingly the schist and “taconite” and jasper may reason- 
ably be derived from an intermediate distance. Many of the jasper and 
quartz pebbles of small size may be secondary from the Courtland quartz- 
ite. A single pebble of what appears to be an altered red granite and 
one of medium-grained, light-colored gneiss were collected. The absence 
of pebbles of the unweathered red gneissoid or granitic rock which is now 
exposed 150 paces west of the conglomerate may indicate simply that 
there was no outcrop of unaltered rock of that type there at that time in 
position to afford pebbles for this conglomerate. The conglomerate is not 
uniform in composition. For example, quartzite pebbles are to be sought 
in the middle of the exposure. It may be noted also that the pebbles are 
of diverse sizes and more or less waterworn and rounded. Some are 
etched or pitted and nearly all are quartzose and such as an encroaching 
sea might have gathered from a deeply disintegrated rock surface. 

The New Ulm conglomerate may rest on either a weathered or a fresh 
surface, as far as we know. It is exposed 50 feet thick in all and 20 fee 
in single vertical outcrop. It is jointed with the bedding and forms 
strata 1 to 6 feet thick. The dip of these beds varies between 10 and 15 
degrees, and the strike changes somewhat in direction, but it is “roughly 
represented by the direction of the exposure being north 15 degrees east” 
(Hall, 10, page 23 and plate III). The direction of the dip is at nearly 
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right angles to that of the Courtland quartzite at Redstone, but conforms 
in direction with that of the Cambrian and Ordovician beyond the Red- 
stone quartzite mass. The latter is in seaward direction from the New 
Ulm basal conglomerate, and its present elevation and position are such 
as to indicate that in the Cambrian sea it must have stood as a high island 
or peninsula, and that the New Ulm conglomerate is or was continuous 
with the Cambrian basal conglomerate east of Redstone as at Minneopa 
falls. 

At Minneopa falls, near Mankato, on the south side of the Minnesota 
River valley, a well was bored 1,000 feet deep. 

“In boring, 575 feet from the surface a conglomerate was reached with peb- 
bles of clear, fine, non-granular quartzite up to 2 or more inches in diameter. 
From this depth to more than 800 feet below the surface the borings consisted 
chiefly of quartzite pebbles indistinguishable in macroscopic and microscopic 
characters from the vitrified quartzite at Courtland. These pebbles are essen- 


tially different from those composing the ‘basal conglomerate’ beds opposite 
New Ulm” (Hall, 10, pages 23-24). 


I have examined, with Professor Hall’s permission, pebbles from the 
Minneopa well and find that they have surface pitting and general charac- 
teristic form of the quartzite pebbles from the New Ulm conglomerate. 
Tf both are, as they now appear to be, parts of the same Cambrian basal 
conglomerate, then the difference in the prevailing rock constituent of the 
pebbles is a local one, indicating that the rock types, as seen in the outcrop 
of the New Ulm conglomerate quartzite, are of local derivation. 

The geologic formations which appear in the Minneopa well are trace- 
able toward New Ulm. ‘The Jordan sandstone disappears from over the 
Saint Lawrence shales before reaching Judson, at which place the latter 
outcrops for 1 or 2 miles. Beyond Judson a lower sandstone rises into 
view along the railway, but is not seen beyond Cambria. The Cretaceous 
shales appear between Cambria and New Uln, showing that the Cambrian 
had been deeply eroded on the south of the Redstone after Cambrian time, 
since the Cretaceous lies doubtlessly in unconformity in its place. 


Tuer Bre Corronwoop ForMATION: CRETACEOUS 


Shales and sandstones of Cretaceous age have been heretofore recog- 
nized in isolated outcroppings on the Big Cottonwood river and in neigh- 
boring parts of the Minnesota valley. Fossil leaves from certain sand- 
stone strata have been described by Lesquereux (4 and 8), and from evi- 
dence afforded by these fossil plants he referred the formation to the 
Dakota group. Certain green shales which were supposed to lie higher 
than the fossiliferous sandstone, have been referred to the Niobrara group 
by Winchell and Upham (6, volume 1, page 576; volume 2, page 165). 
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In fact, the leaf-bearing sandstone is not under the green shales, but is 
quite the reverse. No such wide distinction as Dakota formation and 
Niobrara (that is, Colorado formation) is at all applicable, and not even 
a division into lower and upper formation is well defined. All strata are 
fresh-water deposits and are referable to the Dakota formation, although | 
they possibly are contemporaneous with the marine Colorado formation 
or Niobrara. The name Big Cottonwood formation or beds will be useful 
in distinguishing this part of the Cretaceous in the region here described. 

This formation extends continuously for 7 miles in the valley of the 
Big Cottonwood river, and is evident as far west as Springfield. From 
the Big Cottonwood valley it extends up the Minnesota to New Ulm and 
down the valley toward Cambria. It lies on three sides of the Redstone 
quartzite. The formation probably runs continuously westward toward 
Marshall, Minnesota, while it is cut off to the northeast and south, form- 
ing thus an area 20 miles or more long and 10 miles or less wide. It rep- 
resents a river delta or filled valley of a stream which originally descended 
from east to west, as is shown in the cross-bedding in the strata. The 
Big Cottonwood formation now dips from west to east at about the same 
rate as the gradient of the Big Cottonwood river, the formation having 
been tilted. 

The Big Cottonwood formation comprises coarse, clean sandstone and 
fine conglomerate, shales, potters’ clay, limestone, and lignite. Alternate 
strata of almost any two kinds of materials may be seen locally. Owing 
to the prevailing and often very strong cross-bedding, no two exposures 
afford the same succession of strata. The color is red, green, white, yel- 
low, blue, or brown. The deposit is clearly that of a river. Coarse, clean 
white or yellow sand occurs, in which there are seams of fine, tough, blue 
clay cross-bedding the sands at an angle of 10 degrees or less, and the sand 
frequently contains pieces of lignite, besides occasionally imprints of 
leaves. 

There is no uniform division into upper and lower parts, but in general 
there are some differences between the lower and upper deposits. Lime- 
stone, which occurs at one end of the field, is in general median in posi- 
tion. It is found more particularly in the vicinity of the Redstone. The 
top of the formation is generally clean sand with clay seams or beds, 
which oceur irregularly, but yet so that 40 feet of strata comprise 10 feet 
or less of clay, either in seams from a quarter of an inch to 1 foot thick - 
or in several instances in a single thick bed. Below that there is red and 
green shale, sandy shale, clay, and some clean white sand, in strata which 
are 1 to 10 feet thick, but run unevenly. The lower part of the forma- 
tion is 0 to 200 feet thick, as far as known, varying with the depth to sub- 
jacent rock, and comprises on the whole the greater part of the formation. 


) 
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Pieces of carbonized wood and leaves occur quite generally in the upper 
or sandy part of the formation, and in a few places very good fossil leaves 
were collected. Brown, soft sandstone and ferruginous concretions of 
very local and limited development contain the leaves. At the north side 
of the river, in the southeast corner of section 34, Milford, Brown county, 
is where the specimens described by Lesquereux (8) were found. I have 
collected also in the northwest 14 of northeast 14, section 36, Milford, and 
in the center of section 31, New Ulm. At the south end of the Minne- 
apolis and Saint Louis railway bridge over the Big Cottonwood many good 
specimens were found. ‘This is the very top of the formation, while the 
other localities are variously in lower position. ‘The last-named locality 
is evidently where James Hall collected leaves which Lesquereux later 
identified. At this place a species of Pelecypod was also found by Mr 
Juni. Pieces of wood occur in lower strata and even in the limestone. 
In the limestone at Heimann’s limekiln and at Winkelmann’s there are 
undescribed Algal secretions, similar to the Schizothrix, which builds lime 
in the lakes of Minnesota in recent time. The fossil Algal skeletons 
appear as nodules made up internally of lamin of granular lime, with 
open, clay-filled, or calcite-filled intervals between them. 

A description of the Big Cottonwood formation from place to place 
would be very much detailed, owing to the many changes and exceptions 
to any rule which might be given, but a few places are instructive. In 
one place on the Big Cottonwood river (northwest 14 of northeast 14, sec- 
tion 36, Milford), where the rotted granite, as before described, rises 10 to 
15 feet above the river, about 40 feet of sand belonging to the Big Cotton- 
wood formation is seen between the granite and the glacial drift. In 
other places along the river the formation is thicker by reason of the sur- 
face of the granite being lower. There is generally 50 feet of strata 
above the river level. At New Ulm the top is at about 870 feet above 
tide—that is, 75 feet or less above the river at high water—and the for- 
mation is over 200 feet thick. At Redstone village the strata of limestone 
and shales are in contact with the Courtland quartzite.” The same strata 
extend thence under the meadow land to the small creek which passes 
Heimann’s limekiln and some distance toward, if not to, the New Ulm 
quartzite conglomerate. From the creek eastward along the wagon road 
up the hill, shales and clay are evident to the height of about 875 feet 
above tide. A complete section is not shown distinctly here, but from 
the bottom of the creek to the top of the section there appears to be (a) 
limestone, 2 feet; (b) clay, 20 feet; (c) limestone, 2 feet; (d) shale 
mixed with limestone, 15 feet; (¢) clay, 20 feet; (f) limestone, 1 foot; 
(g) clay or shale, 20 feet. Sandstone is not seen. The limestone is 
“nodular” or “concretionary,” consisting largely of lumpy Algal secre- 
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tions from an inch to a foot in diameter and imfiltrated with calcite. The 
lower limestones are largely “nodular,” while those 20 and 40 feet higher 
up are more granular, laminated sedimentary deposit. The Algal lime- 
stone and the dominance of clay indicate that the area north of the Red- 
stone quartzite, between it and the quartzite conglomerate ledge, was occu- 
pied by quiet water—a lake, in short. ‘The lower limestones are repre- 
sented, in their “nodular” form, on the west side of the Minnesota river 
south of Redstone, at Winkelmann’s limekiln, and, again, as far as at the 
mouth of Kalb creek, there are thin sedimentary lmestones and shales 
with flakes of lime in them, in a zone comprising 5 feet of strata. Traces 
_ of lime flakes occur 2 to 3 miles farther west. 

Coarse sands with pebble-bearing strata are known only on the south 
of Redstone hill, and very evidently a river flowed by that course from 
east to west. This pebble-bearing sand occurs some 20 to 40 feet below 
the top of the formation, along the Big Cottonwood river, at the mouth 
of Kalb creek. The characteristically bright polished quartz pebbles ap- 
pear also at New Ulm. This sand is known on the northeast side of the 
Minnesota River valley for several miles east of Redstone (in sections 16 
and 20, Courtland, Nicollet county). The formation there appears to 
extend eastward, under the glacial drift. Two to 3 miles southeast and 
south of these last outcrops, Cambrian formations appear, rising to the 
same height and in place of the Cretaceous strata. ‘The contact of Cre- 
taceous and Cambrian I have not found, but doubtless the former lies 
here in an old valley, the south wall of which is of Cambrian rocks. Lime- 
stone is known on the south side of the Redstone close to the shelter of 
that rock, which formed locally the north wall of the Cretaceous valley. 
Shales should be expected to underlie the pebble-bearing sand, and they 
have in fact been traced on the right side of the Minnesota for 3 miles 
below the Big Cottonwood river. ‘The coarse sand deposit is above sands 
and shales, indicating that stronger current followed as the Cretaceous 
valley filled. 

In regard to the surface on which the Big Cottonwood formation rests, 
the evidence indicates a preexisting valley—practically a pre-Cretaceous 
valley. Since the strata rise to only half the height of the Redstone 
quartzite, or some 80 feet above the Minnesota river, the top of that rock 
may be supposed to have been exposed above the Cretaceous at all stages. 


The rotting of the dike, as described, and the leaching of the Courtland ~ 


quartzite are evidently pre-Cretaceous in main. The granite outcrop on 
the Big Cottonwood river is rotted at least 30 feet and possibly 100 feet, 
and this would indicate that it had been a hill for ages before the Big 
Cottonwood formation of the Cretaceous began to surround it. The 
granite floor, as found in wells at New Ulm, is 300 feet below the top of 
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Redstone and 200 feet lower than the granite outcrop on the Big Cotton- 
wood, thus proving a considerable valley to lie buried here. 

From the direction of the cross-bedding in the sands, as already de- 
scribed, the river is shown to have filled the valley just mentioned from 
east to west, and the original valley may also run east to west. I have 
searched for evidence of this valley and the Big Cottonwood formation 
along the Minnesota river below Mankato, Minnesota, and along the Blue 
Earth and Le Seur rivers, which together make a north-to-south section 
crossing the line which the valley and formation must have followed if 
they extended that far. The clays and sandstones which are to be seen 
there, and which N. H. Winchell and Warren Upham described as Cre- 
taceous, are in fact only the rotted or residuary portions of Paleozoic sedi- 
mentary rocks in main. In places, 20 feet of clay occur with stratification 
partially preserved and with quartz geodes, silicified oolite, fossils, and 
other marks showing the original rock to have been the Oneota and Ska- 
kopee dolomites ; or, again, the same clay extends into depressions, or verti- 
eally into the dolomite as seams, or it fills “potholes,” which same are 
leached and enlarged joints. Occasionally the leaching has made resid- 
uary clay in horizontal joints likewise. Original beds and strata of sand 
remain in the red clay. Such materials correspond to the rotted granite 
under the Big Cottonwood formation, and not to that formation. These 
residuary materials occur between 800 and 875 feet above tide, the main 
preserved part lying at 825 to 850 feet. On the Le Seur river (north 
line of section 2, town of Rapidan, Blue Earth county) there are 12 feet 
of clean gravel of finely polished siliceous pebbles, an inch or less in diam- 
eter, some of which are the remnants of Silurian and Devonian fossils. 
This rests on coarse sand 20 feet thick over the Jordan sandstone. The 
top of it is about 840 feet above tide. This gravel and sand correlates 
evidently with the Big Cottonwood formation, but it lies in a shallow 
valley, as the section along the river indicates. The cross-bedding in the 
gravel is from east to west. At one place a small pocket or lens of fire- 
clay was formerly discovered over the gravel. It has now been mined out. 

The evidence of the leached rock floor and the Cretaceous sand and 
gravels along the Le Seur and Blue Harth rivers, and of the residuary 
clays in the Oneota dolomite near Mankato, Kasota, and Ottawa, along 
the Minnesota river, indicates that the general surface of the old land 
along that section lies now between 850 and 900 feet above tide and was 
originally high above the Big Cottonwood formation. From such a land 
area the red and blue shales, white sands, polished siliceous pebbles, and 
that which is now blue clay could have been derived. Between Kasota 
and Ottawa, and especially north of Ottawa, the rock wall is missing along 
the present Minnesota valley and possibly a pre-Cretaceous course, and 
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the Big Cottonwood formation passes the river at that place in a general 
easterly direction from New Ulm. By reason of dip, the Cretaceous 
would lie below the river. 

North of the Big Cottonwood the glacial drift is sufficiently intact to 
leave the question of former and present relation of the Cretaceous rocks 
greatly obscured. But, in the valley of the Minnesota river, the drift 
appears to extend down in place of the Cretaceous, from north of New 
Ulm, 10 miles to a place (some 6 miles north from the Big Cottonwood 
valley) where fresh granitic rock rises 25 feet above the river. Evidently 
both the Cretaceous rocks and the Archean granites have been greatly 
eroded there in post-Cretaceous, pre-Glacial time, and apparently a drift- 
filled valley crosses the course of the Minnesota river. At Sleepy Eye, 
which is north of the Big Cottonwood river, the granitic rock is said to be 
found in a well at a depth of about 200 feet—that is, at 800 feet above 
tide—no Cretaceous intervening between it and the drift. Absence of 
rotted granitic rock argues post-Cretaceous erosion. 


GLACIAL DRIFT AND River DEPOSITS: QUATERNARY 


CHARACTER OF THE DRIFT 


The drift in the region about Redstone is mostly of boulder clay or 
till, although modified drift—gravel and sand—regularly accompanics 
. the till.- All the older rock formations of the region were doubtless once 
covered by glacial drift, as they are yet, excepting in the river valleys. 

The surface of the drift outside of the river valleys is marked by irreg- 
ular hills and closed basins, such as are characteristic of the glacial drift 
of the Wisconsin stage, but these irregularities occur with such monotony 
as to give the country the aspect of a nearly level land, sloping gently 
toward the Minnesota river. ‘Two or 3 miles from the river the average 
altitude of the land surface is at or above 1,000 feet above tide, while 
along the border of the Minnesota valley few points only reach to 1,000 
feet. One such point within the city limits of New Ulm is 1,015 feet. 

The drift averages about 200 feet thick, but is far from uniform, be- 
cause of the surface irregularities and the unevenness of the rock base 
upon which it rests. Redstone hill has the highest known rock subjacent 
to the drift. There the Courtland quartzite formation has been covered 


about 50 feet by till. The Big Cottonwood formation was covered from | 


100 to 150 feet deep. Northwest of New Ulm the drift appears to extend 
to or below the river level, or 200 feet deep. The Big Cottonwood river 
cuts through the drift into the Cretaceous rocks for at least 7 miles 
above its mouth and probably all the way from Springfield, the till and 
associated gravel beds being 100 to 150 feet thick, as seen in the bluffs, 
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There are two distinguishable drift sheets in this region, the same as 
have been generally recognized by Minnesota geologists (see Upham, 6, 
volume 1, page 580). ‘These are the Wisconsin and probably the Kansan, 
as recognized in Iowa. ‘They are best called Old and Young glacial drift, 
I think, for the present purpose. The Old glacial drift fills, as described, 
over an uneven surface, but presents apparently a rather uniform upper 
surface of its own, in general sloping from west to east. On the north- 
east side of the Minnesota river the top of this Old drift is at about 890 
feet above tide. The Redstone hill therefore stood above the surface of 
the Old drift, and it was probably on the west side of a wide shallow val- 
ley. On the Big Cottonwood river, 5 miles west of Redstone, the Old till 
rises to about 975 feet above tide. There is, as far as seen, a bed of fine, 
assorted and stratified, ferruginous, often cemented gravel, at the base of 
the Old drift. In one place, just above the mouth of Kalb creek, a small 
pre-Glacial channel, filled with a thin layer of till under strata of peat 
and clay with logs of wood, lies beneath the basal gravel bed. Such wood 
is found also in wells in the central high part of New Ulm city. A few 
lenses of fresh gravel occur also scattered in the till of the Old drift. 
While the Old till is dark and compact, as a rule, it is locally leaching to 
reddish gray color at surface exposures and along water-bearing gravels. 

On the Old drift rests the Young drift, with its rolling upper surface. 
It has a gravel bed at its base, as a rule, and other sand or gravel patches 
at the top. Of the two till sheets, the lower contains fresh Cretaceous 
sand and clay patches occasionally, besides lignite. The upper contains 
many pieces of a different lignite and has other differences—lighter color, 
looser texture, etecetera—but it consists so largely of materials of the Old 
till as to be distinguishable mainly by its superposition. The Young 
drift is 10 to 100 feet thick. 

Besides the Old and Young glacial drift, there are terrace deposits of 
gravel, sand, and clay in the river valleys. These deposits have come 
mainly out of the glacial drift and are, moreover, very closely associated 
with the same. They are found sometimes in confused relation with 
them. 'Thev were formed, moreover, during the time when the glaciers 
were yet retreating from the country, and technically they belong to the 
Glacial or Pleistocene period of the Quaternary age. In the Minnesota 
valley the terraces were made obviously by the great river Warren, which 
formed the outlet to the Glacial lake Agassiz, between the time of retreat 
of the ice from this region and its disappearance from the north. 


THE MINNESOTA siag VALLEY 


‘The Minnesota river for many miles above New Ulm has a direct, sim- 
ple. trough-shaped valley, with steep sides 200 feet high and with broad 
XXIII—BULL, Grou, Soc, AmM., Vou, 19, 1907 


2380. F. W. SARDESON—THE REDSTONE QUARTZITE 


bottom a mile wide. This is the channel of the glacial Minnesota or 
“Tiver Warren,” where that river eroded into the glacial drift. At New 
Ulm the valley widens over the top and a system of terraces appears. The 
river Warren was also once divided here by an island which is now the 
site of the city of New Ulm (6, volume 1, page 582). At this place the 
valley is cut not only in the glacial drift, but also into the Big Cottonwood 
formation. At Redstone, 4 miles below New Ulm, the river Warren en- 
countered the mass of Courtland quartzite, and this obstruction caused 
the river to widen its valley and build terraces even several miles above 
the obstruction. The terraces at New Ulm correlate largely with the 
stages of the valley’s making at Redstone. 

From the direction of the valley as it now lies at Redstone, it is readily 
seen that the river Warren flowed first directly across the present area of: 
Courtland quartzite. At that early stage the river had only glacial drift 
to encounter, but after cutting its valley to a small depth the quartzite 
was met. This rock was highest on the left, and, being very resistant, it 
swerved the river gradually to its right side, and finally entirely beyond 
the west end of the quartzite formation. As the valley was gradually cut 
down, Redstone hill was thus uncovered and left extending half a mile out 
into the valley. 

The making of terraces by the river might be attributed to three fac- 
tors, namely, variation in flow of the stream, inequality in the quartzite 
barrier, and inequality of the other formations across which the river was 
diverted. Of these the first may be set aside, since elsewhere, especially 
above New Ulm, the valley indicates rather a constant stream. ‘The rela- 
tion of the stream and quartzite appears also to have been rather a uni- 
form one. On the highest and earliest uncovered part of the quartzite 
its surface bears prior glacial strie (6, volume 2, page 165; 10, page 21), 
thus proving that the river scarcely cut the quartzite there; also, at lower 
levels, not much of the quartzite was removed. he surface there is in 
fact grooved, furrowed, and worn into irregular knobs and depressions, in 
the direction and manner of rapid stream erosion, by the river Warren; 
but yet the cause of this appearance of great erosion is that the leached 
and softened portions of the quartzite, as before described, was alone 
worn away. ‘The firm quartzite appears thoroughly polished and gener- 
ally rounded, but was in fact so little cut away that much, if not the 
greater part, of the softened or superficially leached rock was protected by 
it. While Redstone hill appears at first sight to have been worn into 
a rugged remnant by the river Warren, there is still better reason for 
thinking that the hill was practically an impregnable barrier to the 
stream. The course of the valley around the base of the hill is further 
evidence to this effect. The present form of the hill is therefore nearly 
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its earlier one. Nothing appears, therefore, in erosion of the hill to pro- 
duce terraces in the valley, and nothing also in the form of the hill to 
produce any other marked result than the swerving of the river Warren 
gradually to the right of it. 

The making of the terraces may, however, be attributed to the third 
factor, namely, to that of unequally resistant geologic formations, which 
were cut into as the river evaded the Redstone quartzite. These evidently 
were the intact Cretaceous and Glacial deposits. Since the pre-Glacial 
drainage here ran, as before stated, north of the Courtland quartzite area 
and the inter-Glacial valley was on the east side of it, the post-Glacial val- 
ley which runs on the west side is therefore a new course, from New Ulm 
passing Redstone, and accordingly the geologic formations may be sup- 
posed to have been intact there when river Warren began its valley. Some 
portions of these formations are still found between Redstone hill and the 
river. 

The formations which were eroded here by the river are the Young 
drift, the Old drift, and the Big Cottonwood formation, and each of these 
comprises hard and soft parts, such as to cause the erosion of a stream 
through them to progress by stages. The more resistant parts are (1) 
the boulder-clay of the Young drift, (2) that of the Old drift, (3) the 
tough clay beds at the top of the Big Cottonwood formation, and (4) the 
red shales at a lower horizon in the same. The river terraces correspond 
to the tops of these resistant parts, having formed by the erosion of the 
softer parts, namely, a loose gravel bed at the base of the Young drift, 
another at the base of the Old drift, and the thick beds of loose coarse 
sand below the top of the Big Cottonwood formation. Whenever the 
river cut down to one of these at one point before others, the deepened 
channel could be readily widened by lateral erosion of the softer bed and 
undermining of the harder ones, from which presumably resulted terraces 
bounded by steep scarps, such as are now seen. 

The surface of the terraces show generally a gradient greater than that 
of the present river, and they are covered with coarse gravel, and they 
appear to be remnants of rapids and rapidly sloping channels passing Red- 
stone. Yet the terraces, although largely detached or interrupted, show 
generally a correspondence one to the other much as terraces of sub- 
sidence do. Their correspondence may be due rather to the control of 
the eroded geologic formations than to gradient of the river. 

On the right side of the valley the highest, or 940-foot, terrace, resting 
on Young drift, forms the site where the cemeteries are located, on the 
west of New Ulm. The 910-foot terrace, resting on Old drift, forms the 
high central part of New Ulm city. The 870-foot terrace is represented 
on the one side of the last by the abandoned channel back of the city 
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proper, and on the other side by the level along which the business streets 
extend. A triangular tract on which the Minneapolis and Saint Louis 
railway runs south of the Cottonwood river is of the same. ‘This ter- 
race rests on the top of the Big Cottonwood formation. The 830-foot 
terrace is occupied by the depots and railway tracks at New Ulm and is 
traversed by the railways, extending to the Big Cottonwood river and 
thence three miles beyond it, occupying a great part of the valley opposite 
Redstone hill. It rests on the red shale zone of the Cretaceous. These 
terraces are covered generally by a few feet of red loam over more or less 
gravel, both of which were made by the river Warren. 

On the left side of the valley the 940-foot terrace runs nearly contin- 
uously from a mile above to four miles below the Redstone quartzite bar- 
rier (6, volume 2, page 173). The 910-foot terrace extends nearly a mile 
and the 830-foot terrace forms a broad meadow north of Redstone vil- 
lage. All these terraces in the valley passing the Redstone hill are in 
strong contrast to the simple valley above New Ulm. 


THE BIG COTTONWOOD VALLEY 


The valley of the Big Cottonwood river joins the Minnesota on the west 
side, opposite and a little above Redstone hill, just at the place where the 
river Warren was most diverted by that obstruction. Since the Big Cot- 
tonwood is tributary here, the cutting of its valley may be presumed to 
have proceeded pari passu with that of the Minnesota, and to have been 
influenced in somewhat the same way. The Big Cottonwood valley is a 
remarkably irregular one, as shown on the map (figure 1). It is nearly 
200 feet deep, cut through the glacial drift and into the Cretaceous sands 
and shales; it has broad embayments, with terraces and steep sides. The 
river meanders from side to side in its valley and repeatedly undermines 
its bluffs, causing great landslides. Where the river encounters easily 
eroded sandrock the undermining is rapidly done, but where shales now 
appear at river level, the undermining is slow. The entire valley has 
been made in that same manner. The downward erosion has been accom- 
panied by wide lateral erosion where soft rock was encountered by the 
river. ‘The same succession of hard and soft formation is found along 
the Big Cottonwood as along the Minnesota valley at and below New Ulm, 
and since the two rivers cut down pari passu the terraces in the two val- 
leys largely correlate. , 

* While the Minnesota valley was made by a large, flood-like stream— 
the river Warren—and the modern stage of that river, the Minnesota, now 
meanders freely within it without conflict with the sides, the Big Cotton- 
wood valley, on the contrary, has been made by a small river, as it now is, 
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at all stages of its making. An old high channel, representing an early 
stage of the river, is found crossing section 32, New Ulm. This chan- 
nel is sharply defined and in size indicates a river like the present one. 
It is cut through the upper glacial drift only. Another such channel, in 
section 4, Milford, runs across to the mouth of Kalb creek, and thence a 
little south of and parallel to the present river’s course. The part of this 
channel below Kalb creek cuts across even the 830-foot terrace, and there- 
fore was followed by the creek as late as the modern stage of the Minne- 
sota river; but that part above the creek was abandoned earlier. 

The Big Cottonwood crosses the 830-foot terrace of the Minnesota val- 
ley, and it has there a narrow course, excepting above Kalb creek, where 
it meanders back against the bluff. At that place it made a wider way 
and evidently removed the larger part of what I call an 870-foot terrace, 
having intercepted Kalb creek. The narrow course or valley reveals the 
relation of the Big Cottonwood river to the Minnesota river in its modern 
stage. ‘The earlier relation at the junction of the two valleys is not well 
shown by terraces, these having been cut away by the meanders of the Big 
Cottonwood. I am inclined to think, however, that there is a gravel- 
filled former channel of the Big Cottonwood river which runs through the 
830-foot terrace from the mill in northeast direction to the Minnesota 
river and which was abandoned at a time when the 830-foot terrace still 
served as floodplain for the river Warren. The river has been a swift 
stream and heavily loaded with sediment at all stages, as it still is, and it 
could have cut and refilled a channel quickly. 

Apparently the general effect of the tributary stream should be to crowd 
the river Warren and the Minnesota toward the opposite bluff—that is, 
against Redstone hill—by means of the loads of sand and gravel which 
must have been thrown into the side of the main valley. 


ConcLUSION 


From the foregoing descriptions it may be seen in particular that the 
Redstone quartzite, or that which now composes Redstone hill in the Min- 
nesota valley, has stood with remarkably little change through many 
geologic ages. For the greater part of the time since the pre-Cambrian 
period its top has been exposed to destructive forces of the atmosphere. 
Its history may illustrate the many times greater power of resistance 
which a surface exposure of a quartzite mass may have over that of ordi- 
nary rock formations. ven the granite rocks and porphyry dike appear 
weak in comparison. 

In pre-Cambrian time the quartzite was intruded and displaced, prob- 
ably so as to lie lower than adjacent granitics, and then by the relatively 
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rapid weathering away of these it came to again stand as a prominence 
above them. In Cambrian time it was met by the advancing ocean, which, 
instead of demolishing it, flowed around it, leaving a shore deposit of 
gravel even on its landward side. For several geologic ages the Redstone 
quartzite then stood as a great rock above a neighboring valley, much the 
same as the Baraboo quartzite of Wisconsin now stands. During Cre- 
taceous time the river valley passing its south side filled with delta de- 
posits, but probably leaving the top of the Redstone quartzite exposed well 
above the sedimentation plain. During the Tertiary, land erosion again 
made a valley, which was some 200 feet deep, crossing the granitic area 
to the north of the Redstone hill. During Pleistocene or Quaternary 
time the top of the quartzite was twice crossed by great glaciers. From 
the glaciers the rock received slight grooves and striations which are still 
clearly seen. They bear south 33 degrees east. The glaciers also spread 
sheets of till over it, although in inter-Glacial and in post-Glacial time 
erosion in part at least bared it again. 

Although the geologic formations are all of scientific interest and have 
been described in detail in the preceding pages, the Redstone quartzite 
stands out as the most prominent feature in the geology of the area here 
described. 
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INTRODUCTION 


The antiquity of man is a subject of such intense interest that any evi- 
dence which seems to suggest or offer proof of it receives widespread 
attention, especially if the evidence is of the kind which is termed scien- 
tific. Scientific evidence in cases of this kind is either somatological or 
geological. 

Unfortunately in the limited number of examples of more or less an- 
cient man which have been reported the somatological evidence appears 
not very satisfactory to the layman, because it is of necessity concerned, 
with mere fragments or with such a limited number of individuals that 
general conclusions appear to be unsafe. 


1 Manuscript received by the Secretary of the Society July 24, 1908. 
XXIV—BUCULL. GEOL. Soc, AM., Vou. 19, 1907 (243) 
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The geological evidence is also extremely unsatisfactory, because in the 
great majority of cases in which human remains have been found the first 
excavations were made by those not skilled in the interpretation of the 
superficial deposits to which such remains seem to be limited. 

The flimsiness of much of this evidence is well illustrated by a recent 
paper,” in which in all seriousness the author quotes as evidence, “based 
on actual discoveries,” Aughey’s absolutely unreliable report of the dis- 
covery of such evidence in the loess of Nebraska; the discovery, by Thomas 
Belt, of a skull in “what was supposed to be the western extension of the 
loess in Colorado ;” the finding of a “stone ax 70 feet beneath the sur- 
face in loess in Illinois”’—a statement which is especially interesting be- 
cause there is no known place in Illinois where the loess reaches even 
approximately that depth; Witter’s cautious references to the discovery, 
by another party, of arrow-heads under extremely doubtful circum- 
stances ;* and Miss Owen’s report of the discovery, at a depth of 4 feet, of 
a stone ax at Saint Joseph, Missouri, “supported by the legal affidavit of 
the foreman of the quarry,” which was, judging from the description,* 
simply imbedded in a mound of comparatively recent human construction, 
of the type which is common along the bluffs of the Missouri valley. 

In this account are also included as conclusive evidence the last two 
discoveries of this kind, the “Lansing man” and the “Nebraska loess 
man,” to which unusual interest attaches because in both cases excava- 
tions and observations were made by men actively engaged in scientific 
work. : 

The case of the “Lansing man” has led to much controversy, which, 
however, was scarcely warranted, as the remains were found in a deposit 
clearly distinct from ordinary undisturbed loess,® evidently consisting of 
slumped material—a fact which leaves the question of age altogether 
problematic and certainly gives no assurance of great antiquity. 

The “Nebraska loess man” bids fair to give rise to an equal amount of 
controversy, though as yet the conclusions of the discoverers have gone 
practically unchallenged, at least on the geological side, and have been 
quoted as decisive.® 


Previous Work 
The somatological evidence has been considered by Dr H. B. Ward,’ 


2N. H. Winchell: Records of the Past, vol. vi, May, 1907, pp. 148-157. 

3 See Proceedings of the Iowa Academy of Sciences, vol. i, part 2, pp. 66-68, 1892, and 
the American Geologist, vol. ix, 1892, pp. 276-277. 

4See Winchell’s paper, p. 154. 

5 See writer’s discussion in Bulletin of the Laboratory of Natural History, State Uni- 
versity of Iowa, vol. v, November, 1904, pp. 346-352. 

®See Winchell, ibid., pp. 156-157. : 

7 Nebraska Geological Survey, vol. ii, 1906, part 5, pp. 319-327. Putnam’s Monthly, 
January, 1907, pp. 410-413. 
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who is of the opinion that the remains indicate a “primitive people,” and 
Dr H. F. Osborn,® who concludes that “even if not of great antiquity, it 
is certainly of very primitive type and tends to increase rather than dimin- 
ish the probability of the early advent of man in America.’ 

The geological evidence has thus far been presented only by Dr E. H. 
Barbour,* who definitely refers the deposit in which the human bones of 
the lower layer were found to “undisturbed loess.” 


FIELD WorRK 


Professor Barbour’s very positive assurance that the loess was undis- 
turbed, caused the writer to make an especially careful investigation 
of the deposits shown in the Gilder Mound section before reaching a 
definite conclusion, and he accordingly made several visits to the Long 
hill locality and spent fully a week in the examination of the mound and 
its immediate surroundings. In addition to this, he has spent much time 
in the past twenty years in investigating the loess and glacial phenomena 
in the territory including this locality. 

The first of the visits to the Gilder mound was in March, 1907, in 
the company of Doctor Barbour and Mr Gilder, and the writer is indebted 
to both gentlemen for much information concerning the details of their 
observations, which made possible the closer connection of the observed 
phenomena with the published accounts. The work was continued by the 
writer on the following day, but various misfortunes prevented its com- 
pletion until the following summer, when two more visits, aggregating 
five days, were made. 


LocaTIon oF THE MounpD 


Throughout the greater part of its extent in eastern Nebraska, the val- 
ley of the Missouri river is bordered by rounded and more or less inter- 
rupted bluffs, which are distinctly unlike the wind-whipped bluffs of the 
east, or Iowa, side. Northward from Omaha these bluffs recede from the 
river in a slightly crescent-shaped line for a distance of about 8 miles, 


§ Century, vol. lxxiiil, January, 1907, pp. 371-375. 

®To these should be added the very complete paper by Dr Ales Hrdlicka in Bulletin 
no. 33, Bureau of American Hithnology, 1907, who concludes (page 98): ‘‘Referring par- 
ticularly to the Nebraska ‘loess man,’ the mind searches in yain for solid ground on 
which to base an estimate of more than a modern antiquity for the Gilder mound speci- 
mens.” 

Doctor Hrdlicka’s paper was recelved after the preparation of this discussion, and 
while it contains interesting evidence and conclusions bearing on other phases of the 
case, these are not here discussed, the writer deeming it more satisfactory for purposes 
of comparison to leave the present paper unchanged, 

* See Bibliography. 


246 B. SHIMEK——NEBRASKA “LOESS MAN” 


and again return to it just above Florence. Northward from Florence 
the bluffs are again more sharply defined, and form a series of abrupt 
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FIGURE 1.—Map showing Location of Gilder Mound. 


headlands which are more or less broken by deep ravines (see plate 14, 
figure 1). The uplands of which these bluffs form the border extend 
westward for some distance, gradually running out into typical rolling 
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Kansan territory. The roughest parts are nearest to the bluffs, and are 
characterized by high rounded ridges the cores of which seem to consist 
largely of Kansan till and clays and which are capped by loess rarely, if 
ever, exceeding 35 feet in thickness. The bluffs between Florence and 
Ponca creek show more or less drift, capped with loess. The former 
rises to a height of 95 feet above the road north of Pries lake. The latter 
rarely reaches a thickness of 30 feet. It is fossiliferous at several points. 

These ridges sometimes extend almost parallel with the river valley, 
and their abrupt eastern slopes then form the immediate river bluffs. On 
such a ridge, known as Long hill, located about 3 miles north of Flor- 
ence, Nebraska (see figure 1), Mr Robert F. Gilder, of Omaha, discov- 
ered the mound containing the remains of the “Nebraska loess man.” 

This ridge is a spur extending southward from a more massive higher 
elevation (at its highest point fully 200 feet above the valley) and ter- 
minating just north of Ponca creek. The wagon road leading north from 
Florence follows the base of the main bluffs to Ponca creek, and then 
ascends the ridge, practically following the crest, which here lies close to 
the very abrupt eastern slope, to the summit of the spur. Gilder mound 
occupies the highest point on this spur, about 12 rods north of its south- 
ern base and 50 feet west of the road, which is here 10 feet lower than the 
mound. Its elevation above the road at the southern base of the ridge is 
150 feet, and above low water in the Missouri river about 190 feet. 

The mound itself was somewhat elevated above the surface of the ridge, 
_having a slight slope even to the north, though the crest of the ridge 
slopes distinctly southward. It was covered with forest, the largest trees 
on or near the mound being bur oaks (8 to 12 inches in diameter), a wal- 
nut (10 inches), and a basswood (8 inches). 
_ Its dimensions could not be accurately determined on account of the 

dense forest covering and the gradual blending of the surface of the 
mound with that of the ridge, but the lateral sections which were made 
show that the disturbed materials forming the mound extend beyond the 
limits of the excavated area.*° 


PREVIOUSLY REPORTED Position oF HumMAN REMAINS 


In this mound the first explorations of Mr Gilder and Doctor Barbour 
revealed two distinct layers of human bones, the lower containing five 
skulls in a layer of “packed clay or loess” at a depth of 4 to 5 feet, and 
the upper three skulls and many bones of a more advanced man. 


19 For a more complete discussion of the extent of the mound, etcetera, see Robert F. 
Gilder’s paper, “Recent excavations at Long’s hill, Nebraska,’ in American Anthropolo- 
gist, vol. 10, 1908, pp. 60-78. 
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In the lower stratum “several bones were deeply gnawed by rodents; 
one or more appear to have been hacked or scraped by some flint blade.”** 


“The three skulls buried intrusively were in a mixture of black soil and buff 
subsoil. The five primitive skulls and certain bones were fragmentary, wate1- 
worn, and scattered through four or more vertical feet of original undisturbed 
loess, and plainly belong to that formation.’ 


Later Barbour described the location of the bones as follows 338 


“The upper two and a half feet of the mound is just such a mixture of black 
soil and buff subsoil as would naturally result from digging and burying. It is 
loess which has been disturbed. In this superficial layer were the three skulls 
of a later type, and adjoining them were numerous bones. Below this layer 
comes clearly defined bright buff undisturbed original loess, with its character- 
istic lithological structure, its lime nodules and shells; and through it to a 
carefully measured depth of seven and one-half feet are scattered bits of 
human bone. Here were found the five primitive skulls, each one being more 
or less fragmentary.” ? 


Still later the same writer says :** 


“Here were found two mound-builder skulls, and below them parts of eight 
skulls and many bones of a still more primitive type. Two of the skulls are 
mound builders’ in all probability. Together with them was the skull of a 
young child, differing from the others in color, texture, and thinness of skull 
wall. It is presumably that of a modern Indian. These were found in the 
upper layer, readily discernible as a mixture of black soil and light buff sub- 
soil, such as would result from digging and burying. This layer has a thick- 
ness of two and a half feet. Below it was a distinct undisturbed layer of un- 
mistakable loess, and in it to a depth of twelve feet were many fragments of 
human bones, loess shells, and stray angular pebbles.” 


He concludes that the bones “in the loess doubtless antedate the hill 
itself, while those in the upper layer are subsequent to it.” 


SECTION OF THE MouND 
THE EXCAVATION 


The writer reexcavated the mound and the loess underlying it during 
each of his three visits and found only fragments of bones, but the strata 
in which they occurred were distinct. The last excavation extended 
downward until a depth of 14 feet was reached. A boring with a two 
and a half inch auger was then made to an additional depth of 171% feet. 
The excavation was also successively extended eastward and northward, 


11 Barbour: Nebraska Geological Survey, vol. fi, p. 327. 
13 Tbid., pp. 326-327. 

18 Putnam’s Monthly, January, 1907, p. 508. 

14 Nebraska Geological Survey, vol. fi, pp. 333-335. 
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and a clean section (see plate 15, figure 1) was made each time. The 
combined result is here briefly stated : 

Beginning at the surface and going downward, the section presented 
the following succession : 


1. DARK SURFACE SOIL 


. The uppermost layer, nearly 3 feet in thickness, in which the more 
recent remains were found, consists of dark, loose soil near the surface, 
but from 1 to 2 feet below the surface the material is yellowish, some- 
what loess-like, as though loess had been heaped up in the more recent 
burial. The uppermost black soil was subsequently discolored by the 
abundant forest vegetation. 


2. LIGHTER LOESS-LIKE SUBSOIL 


The uppermost layer shades below into a lighter brownish material, 
which is loose and contains numerous small irregular nodules of calcium 
carbonate and many roots. This layer extends from 3 to 714 feet below 
the surface, and in this, at a depth of about 6 feet from the surface, were 
found the older human remains. Here the writer also found fragments 
of bones, a granite pebble, several flint chips, fragments of Polygyra and 
of a fresh-water mussel, the latter wholly unidentifiable, but suggesting 
Unio pressus or an Anodonta, forms now found in the rivers of this part 
of Nebraska. Professor Barbour refers to this layer in most positive 
terms as “original undisturbed loess,” but the loose texture, very numetr- 
ous small nodules, and very abundant roots all suggest a comparatively 
recently disturbed soil into which the pebble, the flint chips, and the frag- 
ments of mussel shell found their way intrusively with the human re- 
mains. No such combination of materials is known in clearly undisturbed 
loess in this country and none has been found excepting in connection 
with mounds which are clearly the comparatively recent work of man. 

It is possible that even the land shells, Polygyra and Succinea ovalis 
(not avara, as reported by Professor Barbour), were introduced into this 
part of the section in the same way, for they are even now living, with 
several other species of land shells, on the surface of the ridge from its 
summit to the base. 

A comparison of the material was also made with the section shown. 
along the road from near the base of Long hill to a point 50 feet east of 
Gilder mound, and the difference is marked. This section™ is fully 10 
feet deep at a few points, and while its upper 3 to 6 feet show a very 
slight brownish discoloration, such as is not uncommon in this territory 
where there has evidently been a long-persisting forest covering, yet in the 


1° Figure 2, plate 14, shows the middle portion of the road-cut, 
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more compact texture, fewer nodules and roots, and total absence of peb- 
"bles, flint chips, and fragments of mussel shells, to say nothing of human 
bones, the material differs unquestionably from that found in the pit. 
The latter is certainly not undisturbed loess. 


8. BURIED SOIL 


Additional convincing evidence of the correctness of the foregoing con- 
clusion is furnished by the third layer, lying at a depth of 714 to 81% feet 
below the surface and blending with the layers above and below. This 
is shown as a dark band between the six markers in figure 1, plate 15. 
It is a band of loose dark material, much hke the topmost soil, and it is 
evidently a buried soil. In it the writer found a flint chip and a few 
shells of Succinea ovalis. This band is approximately at a level with the 
top of the bank at the road 50 feet east. ‘Its depth, 71 to 81 feet, is 
not unusual for ordinary mounds. It is evident that the base of this 
band marks the downward limit of the disturbance of the soil in the 
earlier sepulture. 

Professor Barbour evidently attached much importance to the presence 
of the lime nodules as characteristic of loess, but as a matter of fact they 
are often found in drift and other loose deposits and the writer has seen 
them fully an inch in diameter clustering about living roots in loess! 


t 


4. TYPICAL LOESS 


Below the buried soil les typical loess, its uppermost 2 feet somewhat 
discolored, as if it had once served as a subsoil or as if the change in color 
was due to percolation from above. The lower limit of this discolored 
band is shown by the single marker in plate 15, figure 1. This loess 1s 
close-grained, easily cut through, compact, yellow, with bluish gray lines 
and streaks, especially in its lower part, fossiliferous, with occasional iron 
tubules, and showing the characteristic laminated structure when broken 
vertically. Unlike the upper disturbed layer it contains few but larger 
and round nodules of calcium carbonate. The shells are all terrestrial 
and are chiefly Succinea ovalis. 

The boring in the bottom of the pit revealed the same structure to a 
depth of nearly 3114 feet from the surface, the last few inches being 
harder and more mucky, suggesting that the base of the loess is not far 
below. A lack of tubing prevented deeper boring. 

Professor Barbour reports: the finding of scattered fragments of bone 
even in this layer to a depth of 1114 or 12 feet, but the writer failed to 
find any such fragments after many hours of careful search and digging, 
in which he was assisted by Mr L. Buresh, a student of the Omaha High 
School. There were a few flat chip-like lime nodules, apparently formed 


BULL. GEOL. SOC. AM. VOL. 19, 1907, PL. 14 


EiGURH 1.—BLULIFS BETWEEN FLORENCE AND LONG HILL 


The latter is just visible at the extreme right. Looking north 


T1IGURE 2.—-CUT ALONG ROAD ON LONG HILL, ABOUT HALF WAY BETWEEN THE BASE AND 
GILDER MOUND 


Shows loess only all the way up. Looking north 


BLUFFS NEAR FLORENCE, NEBRASKA AND CUT ON LONG HILL 
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FIGURE 1.—THE BURIED SOIL (BETWEEN THE 6 MARKERS) IN GILDER MOUND 


Ficurpe 2.—A GopHeEr’s HOLE IN LOESS, EXTENDING 7 FEET BELOW THE SURFACE, 
WAVERLY, IOWA 


SECTION OF GILDER MOUND AND LOESS AT WAVERLY IOWA 
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along some of the deeper seated roots, but not a trace of bone was dis- 
covered in this layer. 


PossiBpLE Monet or INTRUSION OF BoNE FRAGMENTS INTO TRUE LOESS 


Fragments like those found by Professor Barbour certainly are not 
widespread or common, and, if clearly coming from the loess layer, 
were probably carried down through the numerous tubes, or canals, some 
of which were undoubtedly formed by the decay of roots, and others prob- 
ably by burrowing mammals, such as gophers. At a depth of 91% feet 
such a canal was found filled with dark, loose soil-like material, evidently 
from one of the upper layers. At 10 feet a tube 214 inches in diameter 
contained a very little decayed root material and was partly filled with 
loose yellow loess. At a depth of nearly 11 feet a large tube, probably a 
gopher hole, was traced obliquely for several feet. It was partly filled 
with light and loose material, dark-colored only in places. At 12 feet a 
root cavity 2 inches in diameter was partly filled with decayed root mate- 
rial and partly clean and open, without a trace of organic discoloration. 

Fresh, living roots were found to a depth of from 11 to 12 feet. 

All of these cavities were in otherwise undisturbed loess and could be 
traced in part, or others similar to them could be found, in the looser 
layers above. Small bone chips could easily have been carried down 
either by water or by animals from the burial level. The section of a 
gopher hole in freshly excavated loess, shown in plate 15, figure 2, demon- 
strates that such excavations occur elsewhere in the loess. 


Buriat Hapits or Mounp BuitpErs 
THE LAKE OKOBOJI MOUND 


Professor Barbour also lays great stress on the fact that the bones of 
the lower layer were scattered, “water-worn,” and in part gnawed by ani- 
mals. The writer confesses a lack of experience with material of thai 
kind, but the report of an experienced anthropologist, Dr D. J. H. Ward, 
formerly of Iowa City, but now of Colorado, upon a similar case may be 
of interest in this connection. 

Doctor Ward explored a mound near lake Okoboji, Iowa, containing 
numerous human remains. In his report*® he discusses three distinct 
types of skulls and skeletons—one found at a depth of 6 feet, another at 
a depth of about 4 feet, and a third at a depth of less than 2 feet, all in 
the same mound. He says: 


“We have evidence of perhaps six different orders of burials. The bones 
buried at the bottom were not buried with the flesh on them. Evidence points 


16 Proceedings of the Iowa Anthropological Association, vol. ii, 1905, pp. 14, 15. 
XXV—BouLL. Grou. Soc. AM., Vou. 19, 1907 
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to the fact that these men were killed elsewhere and that their bones were 
brought home and placed in a bundle in what was then a small pocket dug 
beneath the floor of the hill. Among the proofs that these remains were not 
buried with their flesh are scores of marks made by the teeth of wolves or 
other animals while gnawing the flesh. Again, the absence of small bones is 
an indication of this fact. In the case of one skull some of these small bones 
had been preserved and brought home by using the skull as a basket. While 
preparing it, ten bones from various portions of the body rattled out.” 


This quotation is of special interest because it suggests certain habits 
of the mound builders which may explain the presence and condition of 
the lower layer of bones in the Gilder mound. Concerning the water- 
worn condition of the bones, the writer also hesitates to express an opin- 
ion, but in a superficial examination of the collection of bones at Lincoln 
he failed to see any evidence that they are water-worn. ‘They seem to 
have merely the appearance of bones which have been buried a long time. 

The Gilder mound is of interest anthropologically because it shows that 
more than one burial took place here, and in this respect it ranks with the 
Okoboji mound.** But it seems to present no evidence whatever of great 
geological age. 

OTHER MOUNDS 


Mounds are not uncommon in the vicinity of Florence and Omaha; in- 
deed, they are frequent on the bluffs of the Missouri from Sioux City te 
Hamburg, Iowa. The writer has found a large number of these mounds, 
and has examined a few more carefully, and invariably he has found peb- 
bles, flint chips, and shells or fragments of shells of freshwater mussels 
mingled with a more or less brown-stained soil material, even where 
human bones were not present, and he has yet to learn of a case in which 
river mussels were found in what was reported to be loess, in which the 
materials did not show such relation to mounds. Plate 16, figure i, 
shows the location of such a mound near Hamburg, Iowa. 

It is clear that the so-called mound builders inhabited the Missouri 
valley, for they have left numbers of these mounds to bear silent .testi- 
mony of the presence of their builders, and there seems to be absolutely 
nothing in the Gilder mound to determine or suggest for it an age greater 
than that of other mounds in the territory. 


OTHER GEOLOGICAL CONSIDERATIONS 


Certain other geological considerations of a more general character 
which have been presented in connection with this case deserve attention. 
Professor Barbour has given a section from the Missouri valley to Gilder 
mound, in which he represents the glacial clay as 15 or 20 feet deep, and 


7 A. §, Logan also reports.a mound near Jefferson City, Missouri, with two layers of 
human bones. See the Kansas City Scientist, vol. v, 1891, p. 164. 
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FIGURE 1.—Lorss RipGE at HAMBURG, IOWA 


Capped by mound containing pebbles and mussel shells 


FIGURE 2.—BLUFF NEAR PRIES LAKE 


The uppermost, nearly vertical part only is loess, resting on Kansan drift 


LOESS RIDGE AT HAMBURG, IOWA, AND BLUFF ABOVE FLORENCE, NEBRASKA 
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FrIGurE 1.—BLUEF BELOW PRIES LAKE 


Shows Kansan drift and loess separated by a foot of Kansan “gumbo,” forming an 
oblique band 


FIGuRE 2.—THE UNIoN Paciric “Cut-orr’ at SourtH OMAHA 


This line (X) separates the drift clay below from the two loesses above 


SECTIONS AT PRIES LAKE AND SOUTH OMAHA 


THICKNESS OF THE LOESS Dies 


on this a layer of loess 150 feet thick. He obtained his section prac- 
tically by following the bluff and road cuts from the vicinity of Pries 
lake to Gilder mound, and he assumes that because the road cut, nowhere 
more than 10 feet deep, shows continuous loess from the base of Long 
hill to the mound 150 feet higher, therefore the loess is 150 feet thick. 
However, the loess in this region everywhere tends to form a mere mantle 
extending over the ridges whose cores consist of rock or drift, or both, 
and the probability is that on Long hill the loess does not exceed 35 feet 
in thickness. (See also plate 16, figure 2, and plate 17, figure 1.) An 
exposure three-quarters of a mile north of Pries lake shows a core of drift 
and glacial joint clay to a height of 95 feet above the road, and this is 
capped with about 25 feet of fossiliferous loess, (See also plate 16, fig- 
ure 2.) Numerous exposures on both sides of the Missouri from Sioux 
City to Kansas City show that the reported thickness of the loess in this 
region, especially on the west side of the river, has been greatly exag- 
gerated. The great cuts along the new Union Pacific “cut-off” in south 
Omaha illustrate this fact. The first cut, near the intersection | of 
Thirty-second and B streets, is about 56 feet deep and shows a regular 
mantle of loess 36 feet deep. The greater cut, between Forty-second 
and Fifty-third streets, which is about a mile in length and about 100 
feet deep (see plate 17, figure 2), shows a similar mantle, consisting of 
two loesses, the upper yellow loess, about 25 feet deep, and the lower, less 
uniform, about 8 feet deep. The total thickness of the loess mantle is 
therefore about 33 feet. Professor Barbour has undoubtedly greatly ex- 
aggerated the thickness of the loess on Long hill. 

The reference of the loess to glacial times is also extremely unfortunate, 
for the organic remains in the loess preclude the possibility of a glacial 
climate during its deposition. Before Professor Barbour can sustain 
such an assumption he must explain the presence of the fossils in the loess 
and the possibility under glacial conditions of the existence of the plants 
necessary to their maintenance ; he must explain also the presence of loess 
and its fossils in the southern states, never reached by glaciers, and in the 
extra-glacial western territory along the Platte and Republican rivers in 
Nebraska. However, the discussion of these questions would involve the 
consideration of the relative merits of the aqueous hypothesis, to some 
form of which Professor Barbour evidently adheres,. and the eolian- 
hypothesis which has distinctly passed its merely conjectural stage. 


SUMMARY’ 


The foregoing facts lead to the following conclusions: 
1. Gilder mound is an ordinary mound, of interest because it contains 
two layers of human remains, but it is not unlike other known mounds. 
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2. The human. bones, pebbles, and shells all found their way into the 
mound by intrusion. The lime nodules were probably formed after the 


mound had been constructed. 

3. The human remains in question were not in undisturbed loess and 
hence are not loess fossils. 

4, These remains present no evidence of the existence of man in the 
Glacial period, for not only are they not in undisturbed loess, but loess 
itself is not glacial. 

5. Ineidentally, a large part of the surface deposit found along the 
Missouri river, especially on the west side, is glacial clay, and should not 
be classed with loess, which here seldom exceeds 35 feet in thickness. 
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GEOGRAPHY 


The province here to be considered embraces that part of the Alaska- 
Yukon basin lying adjacent to the International boundary (141st merid- 
ian) and stretching westward to the 152d meridian. The Tanana river 
can be regarded as its southern boundary, and it extends northward to 
about the 67th parallel of latitude. Most of the observations on which 
the present paper is based were made in the eastern half of this area. 

This region is drained by the Yukon river and its tributaries, the larg- 
est being the Porcupine river, joining the Yukon from the northeast at 
its great bend near the Arctic circle, and the Tanana, flowing westerly, 
which joins the Yukon about 200 miles to the southwest of the mouth of 
the Porcupine (see map, figure 1). The region forms a part of the so- 


1 Published by permission of the Director of the U. S. Geological Survey. 
Manuscript received by the Secretary of the Society April 7, 1908, 
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called Plateau region of central Alaska, being the intermontane belt 
bounded on the south by the ranges of the Pacific mountain system and 
on the north and east by the Rocky Mountain system. 

The topography is characterized by broad, flat-topped, interstream 
areas, separated by the valleys of a well developed drainage system. The 
valleys are usually broad and flat, with gentle slopes. Certain exceptions 
to this characteristic valley type will be noticed below, but of especial 
importance are the ramparts of the Yukon, lying below the great Yukon 
flat, and the ramparts of the Porcupine. These topographic forms are 
probably in part due to recent? local warpings, in part to the influence on 
erosion by character of bedrock. 

The dominating feature of the topography is the baselevel character of 
the upland summits, which represent an uplifted and dissected peneplain. 
This old land surface is deeply mantled by the products of weathering, 
while the valley slopes are often buried under a heavy talus. Therefore 
outcrops of bedrock are not common. ‘The difficulties of deciphering the 
rather intricate geology of this field lies not so much in its inaccessibility, 
as is generally supposed, as in the absence of exposures of bedrock. In an 
overland journey the geologist will often travel for days without seeing a 
single outcrop, and must perforce map the boundaries of the stratigraphic 
units solely on the facts gleaned from the weathered surface materials. 
The general absence of excavations and the heavy coating of moss which 
nearly everywhere mantles the soil increase the difficulties of geologic 
mapping. Fortunately the exposures of bedrock are not uncommon along 
the large watercourses, and this fact alone would justify the publication 
of this paper, which is based largely on the observations made along the 
valleys of the Yukon and the Porcupine rivers, supplemented by the 
results of overland journeys in part made in previous years. 


GEOLOGIC INVESTIGATIONS 


During the past three decades many workers have taken part in the 
investigation of this general field, and the conceptions of the stratigraphic 
succession have gradually crystallized into definite form. The character 
of these studies has varied from the exploratory journeys of Kennicott, 
Dall, Ogilvie, and McConnell to such detailed examinations of special 


areas as have been made by Collier and McConnell. These various in- || 


vestigations will be referred to below, and to all of them the writers are 
indebted for clues to the geology of the region. 


2 Alfred H. Brooks: The Geography and Geology of Alaska. Professional paper no. 45, 
U. S. Geological Survey, 1906, pp. 278-282. ? 


See See 
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Robert Kennicott and William H. Dall were the pioneer scientists in 


this field. In 1861 Kennicott, following the old Hudson Bay route from 


the Mackenzie river, crossed the divide at the head of the Porcupine and 
wintered at Fort Yukon,* at its mouth. Six years later Doctor Dall, as a 
member of the Western Union Telegraph expedition, reached the same 
point by an up-river journey from the mouth of the Yukon.* 

In 1888 McConnell,® of the Geological Survey of Canada, made an ex- 
ploratory trip from the Mackenzie across to the Porcupine and down that 
river to the Yukon, then up the Yukon to its junction with the Pelly and 
Lewes. He was the first to obtain a clue to the bedrock geology of the 
particular field here to be discussed. The same year Ogilvie, Dominion 
land surveyor, explored the headwaters of the Porcupine and collected 
some geologic data. 

Two years later Russell’ carried a geologic reconnaissance from the 
mouth of the Yukon to its headwaters, returning to the coast by way of 
the Chilkoot pass. Russell’s hasty trip yielded some few notes on the bed- 
rock, but his observations were largely devoted to the problems connected 
with the surface features. 

In 1896 Spurr® made the first systematic surveys of any portion of the 
Alaska-Yukon. His report still remains the standard work of reference 
on this field, and much of the stratigraphic nomenclature which he intro- 
duced has found a permanent place in the literature. 

Brooks® traversed the eastern end of this field in 1898, and in the 
following year’? extended his observations in the same general area. The 
region lying north of the Yukon was first explored by Schrader** in 1899, 
who two years later extended his'? investigations northward to the Arctic 


3 William H. Dall: Alaska and its resources. Boston, 1870, p. 349. 

4Tbid., pp. 74-115. 

5R. G. McConnell: Report on an exploration in the Yukon and Mackenzie basins, 
Northwest Territory. Annual Report of the Geological and Natural History Survey of 
Canada, new series, vol. 74, 1890, pp. 5-144D. 

6 William Ogilvie: Exploratory survey of part of the Lewes, Tatonduc, Porcupine, 
Trout, Peel, and Mackenzie rivers. Interior Department of Ottawa, 1890. 

7TI. C. Russell: Notes on surface geology of Alaska. Bulletin of the Geological Soci- 
ety of America, vol. 1, 1890, pp. 72-99 and 154-155. 

8 J. E. Spurr: Geology of the Yukon gold district, Alaska. Highteenth Annual Report, 
U. S. Geological Survey, part 3, pp. 87-392. 

® Alfred H. Brooks: A reconnaissance on the White and Tanana basins. Twentieth 
Annual Report, U. 8S. Geological Survey, 1900, pp. 425-494. 

10 Alfred H. Brooks: A reconnaissance from Pyramid harbor to Eagle City. Twenty- 
first Annual Report, U. S. Geological Survey, part ii, pp. 331-391. 

17. C. Schrader: Preliminary report on a reconnaissance along Chandlar and Koyu- 
kuk rivers, Alaska, in 1899. Twenty-first Annual Report, U. S. Geological Survey, part 
ii, 1900, pp. 441-486. z 

12. C. Schrader: A reconnaissance in northern Alaska. Professional paper no, 20, 
U. S. Geological Survey, 1904. 
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coast, while Mendenhall’* at the same time carried an exploration from 
the mouth of Dall river, tributary to the Yukon, to the Koyukuk and 
thence to Kotzebue sound. In 1902 Brooks,* im company with L. M. 
Prindle, traversed the western part of this province, in course of an ex- 
ploration extending from Cook inlet to Rampart, on the Yukon. 

These various explorations defined the larger geographic and geologic 
features of the province and paved the way for the somewhat more de. 
tailed investigations to follow. In 1899 McConnell began his detailed 
studies of the Klondike placer fields, which le adjacent to the area here 
discussed, and continued them with some interruption until 1906.% The 
easterly extension of the same general belt of rocks has been the subject 
of investigations by Keele** and Camsell.** 

The detailed stratigraphic studies-on the Alaska-Yukon were inaugu- 
rated by Collier** in 1902, who gave, however, more particular attention 
to the coal-bearing terrains which belong to the Mesozoic and Tertiary. 
These studies were supplemented the following year by Arthur Hollick, 
who made large collections of fossil plants from the coal-bearing beds 
exposed along the Yukon. In 1903 Prindle*® began a systematic study of 
the geology and mineral resources of the Yukon-Tanana region, which has 
been continued to the present time. The gold placers being of the first 
importance, the rocks with which they are associated, namely, the meta- 
morphic schist, have received the first attention from him, but the Paleo- 
zoic and Mesozoic stratigraphy has also been touched upon in his reports. 
Prindle’s work was supplemented in 1905 by a geologic reconnaissance 
made by Stone”® from Circle to Fort Hamlin. 


13 W. C. Mendenhall: A reconnaissance from Fort Hamlin to Kotzebue sound, Alaska. 
Professional paper no. 10, U. S. Geological Survey, 1902. 
14 Alfred H. Brooks and L. M. Prindle: An exploration in the Mount McKinley re- 
gion, Alaska. Bulletin of the U. S. Geological Survey. (In preparation.) 
15R. G. McConnell: Preiiminary report on the Klondike gold fields, Yukon district, 
Canada. Geological Survey of Canada, no. 687. Ottawa, 1900. 
Report on the Klondike gold fields, part B, vol. xiv, Geological Survey of Canada, 
no. 884. Ottawa, 1905. 
Report on gold values in the Klondike high level gravels. Geological Survey of 
Canada, no. 979. Ottawa, 1907. 
16 J. Keele: Report on the Upper Stewart River region, Yukon. Geological Survey of 
Canada, no. 943. Ottawa, 1906. 
17C. Camsell: Report on the Peel river and its tributaries. Geological Survey of Can- 
ada, no. 951. Ottawa, 1906. 
18 Arthur J. Collier: Coal resources of the Yukon basin. Bulletin no. 218, U. S. Geo- 
logical Survey, 1903. 
19. M. Prindle: The gold placers of the Fortymile, Birch Creek, and Fairbanks dis- 
tricts, Alaska. Bulletin no. 251, U. S. Geological Survey, 1904. 
L. M. Prindle and F. L. Hess: The Rampart gold placer region, Alaska. Bulletin 
no. 280, U. S. Geological Survey, 1906. 
L. M. Prindle: The Yukon-Tanana region. Description of the Circle quadrangle. 
Bulletin no. 295, U. S. Geological Survey, 1906. 
2R. W. Stone: A geologic reconnaissance from Circle to Fort Hamlin, Bulletin no. 
284, U. S. Geological Survey, pp. 128-131. 
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To complete this sketch of the history of geologic studies in this prov- 
ince, it will be necessary to enumerate the paleontologic collections made 
by previous investigators. ‘The first reference to fossils from the Upper 
Yukon basin appeared in a paper by Meek,”* published in 1867. In this 
five Devonian species, reported to have been found on the Porcupine river 
in ‘Russian America, are included with the fossils described from the 
Mackenzie river. hese fossils, which are stated to have been obtained in 
part by Kennicott from a missionary in course of the journey already 
referred to, are credited to three different localities on the Porcupine. 
The locality described for Favosites polymorpha would be not far from 
Fort Yukon, in the Yukon flats, or nearly 100 miles from the nearest out- 
crop of bedrock. Examination of the specimens shows that they came 
from a rock material different from any of the fossiliferous horizons of 
the Devonian observed by the writers either on the Porcupine or Yukon 
rivers. It appears probable that the five species credited to the Porcupine 
river were all obtained from the Reverend W. W. Kirby, and that they all 
came originally from the Mackenzie and not from the Yukon. 

In his account of the journey up the Yukon in 1867, Dall mentions 
having found, “just above the Ramparts, pebbles of Niagara limestone 
with its characteristic fossils.”?? No information concerning the species 
represented in these pebbles appears in connection with this observation 
nor in subsequent papers. 

McConnell reports having found Atrypa reticularis and crinoid stems 
in the yellow limestones of the lower Ramparts while descending the Por- 
cupine river in 1889, and states that these limestones “are probably refer- 
able in part at least to the Devonian.”?* The writers’ observations seem to 
indicate that only Silurian and Ordovician rocks are present in the lower 
Ramparts. A. reticularis is a common species in the Silurian fauna of 
the lower Ramparts, and the specimens obtained by McConnell probably 
represent that fauna. 

In 1896 Spurr made a collection of fossils from the white limestone 
near Nation river, on the Yukon, which demonstrated the presence of a 
Carboniferous horizon in the region.** He also obtained some obscure 


21H. B. Meek: Remarks on the geology of the Mackenzie river, with figures and de- 
scriptions of fossils from the region in the museum of the Smithsonian Institution, 
chiefly collected by the late Robert Kennicott, Esq. Transactions of the Chicago Acad- 
emy of Science, vol. 1, 1867, pp. 61-114, pls. 11-15. 

22W. H. Dall: Exploration in Russian America. American Journal of Science, second 
series, vol. 46, 1868, p. 98. 

23R. G. McConnell: Report on an exploration of the Yukon and Mackenzie basins. An- 
nual Report of the Geological and Natural History Survey of Canada, new series, vol. 4, 
1890, p. 133D. 

24 J. E. Spurr: Geology of the Yukon gold district. Highteenth Annual Report, U. &. 
Geological Survey, part 3, 1898, p. 170. 
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remains of fish teeth from the “Rampart series,” provisionally assigned by 
him to the Silurian.*° Some collections made in the White River basin 
by Brooks in 1898 and 1899 represent two horizons. One of these is from 
an Upper Carboniferous lmestone; the other was thought to represent a 
Devonian fauna ;*° but, as will be shown, it is probably also Carboniferous. 

The valuable collections made by Collier along the Yukon in 1902 indi- 
cated the presence of both Upper and Lower Carboniferous faunas on the 
upper Yukon and included some imperfect fossils, which led him to con- 
sider Spurr’s “Rampart series” to be probably of Devonian age.*’ Hol- 
lick in the following year made some additional collections from Collier’s 
localities. ; 

A geologic reconnaissance from Eagle to Rampart by way of Fairbanks, 
made by L. M. Prindle and Frank L. Hess** in 1904, furnished a small 
collection of fossils from the White mountains. They were in part De- 
vyonian corals, with some doubtful forms, but also included a small 
Carboniferous fauna in part provisionally assigned by Girty to the Penn- 
sylvanian or Permian. 

The present report is based for the most part on an investigation carried 
out in 1906, but the earlier studies have been freely drawn upon. Some 
three weeks were devoted to a study of the section exposed along the 
Yukon between the International boundary and Circle. At the latter 
place the party divided; Mr Kindle continued down the river to the Poren- 
pine and up that stream to the boundary, while Mr Brooks made an over- 
land trip to Fairbanks on the Tanana, and thence went westward, reaching 
the Yukon again about 30 miles below Rampart. In all, about two months 
were devoted to the investigations by both authors. The work along the 
Yukon was much aided by the route map of that river made by Collier in 
1902, which is the only one having even an approximate accuracy. Special 
acknowledgment should be made to L. M. Prindle, whose results, both 
published and unpublished, have been made use of. The lack of any 
summary of the recent stratigraphic work in this field is the justification 
for this publication, in which an attempt will be made to correlate some 
of the important Paleozoic terrains of Alaska. Special emphasis will here 
be laid on the rocks exposed along the Yukon between the boundary and 


2 Tbid., note on p. 168. 

26 Alfred H. Brooks: A geologic reconnaissance in the White and Tanana River basins. 
Twentieth Annual Report, U. S. Geological Survey, 1899, part vii, p. 472. 

Alfred H. Brooks: A reconnaissance from Pyramid harbor to Eagle City, Alaska. 

Twenty-first Annual Report, U. S. Geological Survey, 1900, part ii, p. 359. 

27 Arthur J. Collier: The coal resources of the Yukon. Bulletin no. 218, U. S. Geo- 
logical Survey, 1901, p. 16. 

23... M. Prindle and F. L. Hess: The Rampart gold placer region. Bulletin no. 280, 
U. S. Geological Survey, pp. 21-22. 
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Circle, partly because it has been worked up in greater detail and partly 
because both authors are personally familiar with it. ‘The second part of 
this paper, by Mr Kindle, presents the details regarding the geology of the 
Porcupine valley, the general results of which will be used in this discus- 
sion. ‘The senior author has paid more special attention to data here pre- 
sented bearing on the metamorphic and igneous rocks, while the paleon- 
tologic studies are entirely the work of the junior author, except where 
otherwise credited. Mr V. H. Barnett rendered valuable aid throughout 
the investigation. 


GEOLOGY 


INTRODUCTION 


The bedrock of the central Plateau region, of which the Upper Yukov 
basin forms a part, includes a broad belt of intricately folded metamorphic 
rocks, chiefly altered sediments, but with considerable gneisses, schists, 
and gneissoid and massive granites and some smaller areas of Paleozoic, 
Mesozoic, and Tertiary terrains, all striking in a general way parallel 
to the mountain systems and to the southern coastline. This central 
province is bounded on both sides by high ranges, whose present altitude 
is due to recent uplift, but whose axes mark loci of crustal movements at 
least as old as the Lower Paleozoic. ‘To the south are the ranges of the 
Pacific Mountain system, which are built up in a large measure of Meso- 
zoic terrains with some Paleozoic rocks, together with large masses of in- 
trusives. The Rocky Mountain system north of the Yukon is made up 
chiefly of Paleozoic sediments, with some Mesozoic beds, but with a 
marked absence of intrusives. 

The Upper Yukon basin includes terrains varying in age from pre- 
Ordovician to Recent. While this paper is concerned more especially with 
the Paleozoic rocks, both the younger and old terrains of the province will 
be briefly described. The following table presents a concise summary of 
what is known of the stratigraphic succession : 
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Provisional stratigraphic Table 


System. Series. Lithologic character. Locality. 
INGESMES so cace Silts, sands, and gravels. ..} Throughout the proy- 
ince. 
Quatemnanyae ss |peeereee eee (Unconformity. ) 
Pleistocene. ..| Chiefly silts, with some] Throughout the proy- 
gravels. (Invertebrate ince. 
fossils, fossil plants. ) 
(Unconformity. ) 
Mertianyeneeeer Eocene Friable conglomerates and | Along Yukon and in 
(Kenai).| sandstones and shales| adjacent area. 
with lignitic coals. (Fos- 
sil plants. ) 
(Unconformity.) 
Cretaceous.....} Upper Conglomerates, sandstone, | Wolverine mountains, 
Cretaceous.| slate, and shale, cut by Quail creek, near 
granite. (Invertebrate | Rampart. 
fossils. ) 
(Unconformity. ) 
Lower Creta- | Siliceous slate and quartz- | Upper Yukon river, 
ceous or ites, with some tuff and between Fourth of 
Upper Ju-| a little limestone, cut by| July and Coal creek. 
rassic. basic dikes. (Inverte- 
brate fossils. ) 
(Unconformity. ) 
(iniassicaeaee Limestonesand slates. (In-| Yukon river, near 
vertebrate fossils. ) mouth of Nation 
(Conformity ?) river, Upper White 
River valley, Stew- 
art River basin. 
Carboniferous. .| Upper Car- Heavy limestones. (In- | Yukon river, near 
boniferous.| vertebrate fossils. ) mouth of Nation 
(Uncontformity ? ) river, Upper White 
Nation river formation.| River valley. 
Conglomerates, sand-| Yukon river, at mouth 
stones, and shales. of Nation river. 
(Plant fragments. ) 
(Unconformity. ) 
Carboniferous. .| Lower Car- Calico Bluff formation. | Calico bluff and other 
boniferous.| Thin-bedded limestone, points on Upper Yu- 
slates, andshales. Some kon river; also on 
igneous rocks. (Inver- Porcupine river. 
tebrate fossils. ) 
(Conformity. ) 
Upper Black and gray shales and | Calico bluff, on Yukon 
Deyonian.| slates. (A few inverte- and on Porcupine. 


brate fossils. ) 


System. 
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Provisional stratigraphic Table—Continued 


Series. 


Lithologie character. 


Devonian...... 


Devonian ?..... 


DSUMUIMIATIE. |. a clce « 


Ordovician .... 


Pre-Ordovician. 


Middle 
Devonian. 


iPre-Ordovician?}.....:+--..-.-- 


Siliceous white crystalline 
limestone (invertebrate 
fossils), associated with 
alarge amount of igneous 
material. 

Blue limestone (Salmon- 
trout limestone), over- 
laid by shales. (Inver- 
tebrate fossils. ) 

(Unconformity ?) 


Heavy blue and white 
siliceous limestone (frag- 
mentary invertebrate 
fossils), with slates, 
quartzites, and thin- 
bedded limestones. 

(Stratigraphic position 
doubtful. ) 


Fine conglomerates, 
cherts, graywackes, and 
slates, with some lime- 
stones. 

(No fossils; age determi- 
nation doubtful.) 


Magnesian limestone. (In- 
vertebrate fossils. ) 
(Conformity ?) 


(Invertebrate fossils. ) 
(Unconformity ?) 


Slates and quartzites, with 
some limestones. (No 
fossils. ) 


Quartzites, quartz, schists, 
mica-schists, and lime- 
stones. Includes some 
gneisses, granite, and 
greenstone intrusives. 


Non-magnesian limestones. 


Locality. 


Oceurs along Yukon 
river and at old 
Rampart village on 
Porcupine river and 
probably in other 
parts of the basin of 
Porcupine river. 


Yukon river, 8 miles 
below Woodchopper 
creek. 


In region lying be- 
tweeen Fairbanks 
and Rampart. 


Porcupine river. The 
same formation prob- 
ably occurs in the Yu- 
kon-Tanana region. 


Porcupine river. Prob- 
ably present in other 
parts of the Yukon 
basin, but not posi- 
tively identified. 


Porcupine river. 


Extremely developed 
in the Upper Yukon 
basin. 


Probably equivalent to the slates and quartzites 
(pre-Ordoyician) of the Porcupine river. Includes 


| the Birch Creek schists and Nabesna series. 
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Such a generalization of the stratigraphic sequence in a region as little | 
known as Alaska of necessity implies correlations which are by no meams 
definitely established. For example, all the elevated silt and gravel de- | 
posits are here placed in the Pleistocene, while it is by no means impossible | 
that some of them may not be older. Again, the lignite-bearing beds are | 
all included in the Eocene, yet some of these may be older. In considering |. 
the pre-Carboniferous horizons, many of which are both unfossiliferous | 
and intricately folded, the problem becomes still more difficult; therefore | 
the lower part of the stratigraphic column, as here presented, must le | 
considered only as suggestive, except for specific sections where the age is 
definitely established as shown in succeeding pages. | 

Attention has already been directed to the general strike lines, which, | 
paralleling the dominant topographic features of Alaska, trend north- — 
. westerly to about the 146th meridian, then bend southwesterly. While | 
locally there are many variations from these trends, nevertheless the 
northwest-southeast and northeast-southwest structural lines dominate. 
It will be shown that these two structures have dominated all the crustal | 
movements since pre-Ordovician times. } 

The general sequence presented in the above table involves, as has been i 
stated, certain correlations based on very imperfect data. The evidence | 
relating to this matter will be presented in some detail, taking up each | 
period separately. The Mesozoic and later terrains will, however, only be || 
briefly considered in this paper. 


PRE-ORDOVICIAN 


The terrains here assigned to the pre-Ordovician embrace two very dif- / 
ferent groups of rocks, believed to be of synchronous age. In the one are |; 
included the quartzites and associated sediments of the Porcupine basin, |) 
and in the other the mica quartzites, mica schists, and crystalline lime- 
stones, which are widely distributed in the Yukon basin. 

A series of thin-bedded quartzites with intercalated beds of shale and || 
some limestones, which outcrop on the Porcupine river near the Inter- i 
national boundary, are described in the accompanying paper by Mr Kin- ; 
dle. These rocks are indurated, but not metamorphosed, and, so far as i 
known, are not cut by any igneous rocks, with the exception of a very | 
few small dikes. Mr Kindle assigns this series to the pre-Ordovician on | 
stratigraphic grounds. 3 

The metamorphic rocks, assigned to pre-Ordovician age, occur in two ” 
areas within this province. The smaller (see map, figure 1) forms a | 
part of a belt stretching across northern Alaska and is divided by Schra- | 
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der*® into several formations. These include mica, quartz mica, and 


amphibole schists, with some massive granite. Schrader provisionally 


assigned these rocks to the Silurian, but, as has been shown elsewhere,*° 
the evidence is equally strong for a pre-Silurian age. These schists strike 
northeast into the unexplored region lying between Porcupine river and’ 
the Arctic ocean, and are believed to represent metamorphic phases of the 
pre-Ordovician quartzites and slates of Porcupine river already referred | 
to. This correlation does not now admit of proof. 4 

The southern and larger area of the schistose rocks crosses the Yukon 
above the International boundary, then extends northwest parallel to the 
main valley (see maps, figures 1 and 2) to about the 146th meridian, 
where it bends to the southwest and finally passes underneath the allu- 
vium of the Tanana valley. On the north the boundary of these schists 
is well defined, being marked by a belt of Paleozoic and younger rocks. — 
Less is known of the southern boundary, but it is in part defined by areas 
of younger Paleozoic, Mesozoic, and Tertiary sediments. : 

These metamorphic rocks are dominatingly made up of quartz and mica el 
schists, quartzites, and crystalline limestones. These limestones in some 
places, as in the Fortymile and White River regions, occupy considerable 
areas and in part form an integral member of the schists, but may be in 
part younger terrains which have been infolded with them. In the latter 
case they may be found to be equivalent in age to some of the Paleozoic 
limestones to be described below. Intrusions are not uncommon in this 
metamorphic series and are for the most part acid rock. Of these, gran- 
ites are the most abundant and occur both in massive and gneissoid phases, 
and in parts of the province occupy considerable belts. These granites, 
gneissoid granites, and gneisses were long believed** to belong to the 
Archean, but recent studies, notably those of McConnell and Prindle, 
have shown that most of these are altered intrusives. 

This southern belt of metamorphic rocks was first described by Spurr,** 
who termed the quartzites and mica schist the Birch Creek series, and the 
calcareous phases the Fortymile series. The earlier work of Dawson* 


22. C. Schrader: Preliminary report on a reconnaissance along the Chandlar and 
Koyukuk rivers. Twenty-first Annual Report, U. 8S. Geological Survey, part 2, pp. 471- 
475. 

F. C. Schrader : Reconnaissance in northern Alaska. Professional paper no. 20, U. 8. 
Geological Survey, pp. 56-58. 

30 Alfred H. Brooks: The geography and geology of Alaska. Professional paper no. 45, 
U. S. Geological Survey, pp. 211-218. 

21 See “The Geography and Geology of Alaska.” Professional paper no. 45, U. S. Geo- 
logical Survey, pp. 210-212. 

%2'The geology of the Yukon gold district. Eighteenth Annual Report, U. S. Geological 
Survey, part iii, pp. 140-156. ; 
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and McConnell** had indicated that a zone of similar metamorphic rocks 
stretched southward into British Columbia. The later investigations of 
McConnell and his associates have yielded much additional information 
in regard to these terrains. 

In the Klondike district,°* McConnell recognizes only one groun of 
altered sediments—the Nasina series. ‘This name had previously been 
applied by Brooks*® to a group of schists and crystalline limestones ex- 
posed along the lower White river, and he suggested their probable equiv- 
aleney to Spurr’s Fortymile and Birch Creek series. McConnell traced 
these metamorphics westward from this type locality into the Fortymile 
River basin and proved that they were an extension of the rocks described 
by Spurr. He too was unable to differentiate them into two formations. 
The conclusion that the crystalline limestones and schists can not be 
differentiated into two formations, at least on the basis of reconnaissance 
work, finds support by the recent studies of Prindle** in the Fortymile 
region. 

Keele, of the Canadian Survey, has found what appears to be a south- 
easterly extension of the Klondike metamorphic rocks in Stewart River 
region. ‘These he describes** as made up of quartzites, mica schists, and 
‘erystalline limestones and provisionally correlates them with the Nasina 
series. 

The intrusives of this belt of metamorphic rocks vary greatly in com- 
position and texture, but are chiefly acidic and intermediate granular 
rocks. All the earlier workers in this field assigned to the Basal Com- 
plex®® a series of gneissoid rocks which were believed to have been folded 
and metamorphosed previous to the deposition of the Birch creek or 
Nasina series. In such parts of the region as have been studied in greater 
detail this conclusion has been found to be erroneous, and it seems im- 
probable that any rocks older than the Nasina have been found. Many 
of the gneisses are found to be either sheared granites or quartz por- 
phyries, which were intruded in the metamorphic sediments and subse- 
quently infolded with them. These rocks, which occupy considerable 
areas, have been termed the “Pelly gneiss” by McConnell, who has pointed 


*% Opus cited. See also “Geological Map of the Dominion of Canada.’’ Western sheet, 
no. 783. 
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out their probable genesis. In addition to these, massive granites are not 
uncommon. There are also some rocks having a primary gneissic struc- 
ture whose genesis is uncertain. Many greenstones and greenstone schists 
are associated with the metamorphic sediments, and are probably for the 
most part derived from intrusives. 

There is little clew to the age of the granitic rocks. Prindle has de- —)// 
scribed a granite stock cutting Cretaceous sediments in the Rampart re- 
gion. This probably represents a later phase of injection than that repre- 
sented by the gneisses. In the foothills of the Alaska range south of the 
Tanana there are extensive exposures of a gneissoid rock which were first 
regarded as basal, but which has been proved by Prindle*® to be an altered || 
rhyolite associated with cherts and slates, probably of Silurian or Devo- 
nian age. These facts suggest that the other gneisses of similar character 
may be of post-Ordovician age. 

The character of the metamorphic and crystalline rocks of the eastern ~ 
part of the area is well illustrated in the highlands traversed by the lower 
White river. Here a belt of gneissoid and granitic rocks is flanked on 
the north and south by metamorphic sediments—a relation which was 
interpreted as indicating that the former were a part of the Basal Com- 
plex, but which later investigations have shown to be for the most part | 
altered igneous rocks intrusive in the sediments. It is not to be denied, 
however, that there are some gneisses whose structure is primary, and it | 
will remain for more detailed investigations to determine what the genesis — 
of these rocks is and their relation to the sediments and known intrusives. || 

The section extends from the Yukon river to the White-Tanana flat, a ; 
distance of about 50 miles. The rocks lying north of the gneisses and — 
forming the type section of the “Nasina series,” as originally defined, are |; 
dominatingly made up of quartz and mica schists, often finely laminated. __ | 
One belt of white crystalline limestones, with intercalated phyllites carry- 
ing some graphite, is exposed about 10 miles from the mouth of White ) 
river, and this appears to be an integral part of the metamorphic series. 
Greenstone schists, largely made up of secondary minerals, and whose — 
color is due to the presence of actinolite and chlorite, which are probably 
altered igneous rocks, occur widely distributed, but do not form any con- || 
siderable part of the mass of the metamorphic rocks. a 

The southern belt of metamorphic sediments of this section are not as | 
highly crystalline as those above described. They are dominatingly made ~ 
up of micaceous and graphitic schists and phyllites. These rocks locally 
become calcareous, grading into impure schistose limestones. 


407,, M. Prindle: The Fairbanks and Rampart quadrangles. Bulletin no. 337, U. S. } 
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Gneissic rocks, which form a belt some 20 miles wide, separating these 
two areas of metamorphic sediments, are composed chiefly of granitic 
rocks. Biotite and hornblende are the prevalent dark silicates of these 
gneissoid rocks, and most of them show evidence of shearing. Porphy- 
ritic phases dominate, and in many places these have been altered to 
augen gneisses. Mica schists are not uncommon within the gneissic belt, 
and these may be included masses of sedimentary rocks. As in the sedi- 
mentary rocks, greenstone schists are not uncommon, intercalated with 
the gneisses, and also occur in a belt several miles in width along the 
southern margin of the crystalline area. The gneisses are for the most 
part undoubtedly igneous intrusives which have been deformed subsequent 
to their crystallization. In addition to these, massive intrusives, proba- 
bly representing a later injection, are not uncommon. These are litho- 
logically similar to the gneissoid granites. Some aplite dikes, apparently 
the most recent injections, deserve mention. 

This entire zone of metamorphic rocks strikes in a northwesterly- 
southeasterly direction. The dip of the foliation and of the bedding in 
the few places where it could be determined is prevailingly to the north. 
There are two general systems of joimting which roughly parallel these 
two directions. ‘To such an extent have the rocks been deformed that it 
is impossible to determine the structure, though it has been suggested 
that the gneisses represent the eroded core of an anticlinal axis. At a 
locality on the lower White river a concentric arrangement of the strata 
was noted encircling in part, at least, one of the massive granite stocks 
and at variance with the general structural lines. This suggests that 
this granite was intruded after the crustal movements which determined 
the general structures. 

There is practically no clew to the thickness of the sediments here de- 
scribed, but it probably includes many thousand feet of strata. The lime- 
stone member, so far as determined, is at least 1,000 feet thick. 

Summing up the evidence from this section, it would appear that a 
great thickness of strata had here been deposited which was deeply buried, 
metamorphosed, and intruded by both basic and acid igneous rocks. The 
whole series was then intensely deformed by crustal movements, and later 
a second intrusion of granitic rocks took place. 

The geological section exposed between the Yukon river at Circle and 
Fairbanks, on the Tanana, includes what is probably a typical example of 
the metamorphic rocks of the western end of the field. Here the entire 
series is made of sediments, with the exception of a few stocks of intru- 
sive granites. Two rocks are typical of the entire belt—a schistose 
quartzite and a mica schist, often graphitic. The quartzite is more typi- 


270 BROOKS AND KINDLE—PALEOZOIC ROCKS OF UPPER YUKON 


cal of the northern end of the section, and the mica schist of the southern ~ 
end. Some greenstones are present, but are relatively scarce. Mr Prin- 
dle has found some crystalline limestones associated with the schists in — 
this general region, but these were not studied by the writers. The 
granitic rocks occurring in stocks and dikes, which are not uncommon, 
are usually massive, but are sometimes sheared along their peripheries. 

The general strike is northeasterly, with prevailingly northerly dips, — 
and usually at a steep angle. Hyvidence of close folding is usually found 
where the bedrock is well exposed. The thickness of this arenaceous 
series, to be measured in thousands of feet, can probably never be deter- — 
mined, even with the most minute stratigraphic work. 

The data at hand justify the statement that, below the rocks of known | 
age (certainly older than the Devonian and probably than the Ordo- — 
vician), there is a complex of metamorphic sediments and igneous rocks 
which is widely distributed in the upper Yukon basin. As some of these 
are probably of synchronous age with the quartzite and slates of the Por- 
cupine river, which are below the Ordovician, we are probably justified 
in classing them all as pre-Ordovician, with the reservation that there 
may be some younger metamorphosed Paleozoic terrains infolded with 
them. The evidence now at hand indicates that the rocks formerly 
classed as “Archean basal granites” or “Basal Gneiss” are for the most 
part altered igneous rocks which have been injected since the deposition 
of the sediments. : 

If one were to venture on more definite correlations, it would be to 
regard the Birch Creek and Fortymile series, as defined by Spurr, to be the 
equivalent of the Nasina series as used by McConnell and Brooks. The 
term “Birch Creek schists,” as used by Prindle in his more recent publi- 


cations, would represent either the lower or less calcareous phase of the | 


Nasina series or might indicate a decrease in the percentage of calcareous 
matter to the westward. The latter theory appears to be borne out by 
the fact that the metamorphic rocks, described by Schrader north of the 
Yukon under the names Rapid schists,*t Lake quartzite schist, and 
Totsen*? series, which are here correlated with Prindle’s Birch Creek 
schist, are essentially non-calcareous rocks. A general correlation of these 
metamorphic rocks with the Kigluaik group of the Seward peninsula*® is 
probably justified. The Kigluaik embraces a great thickness of gneisses, 
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PRE-ORDOVICIAN AND ORDOVICIAN BT AL 


schists, and crystalline limestones, with many intrusives, and is known to 
be older than the Ordovician. The altered igneous rocks occurring in the 
metamorphic complex of Yukon can be conveniently grouped together 
under the name “Pelly gneisses.” They appear to be in part derived 
from granitic, in part from rhyolitic rocks. There is some evidence of 
their having been, in part at least, intruded as late as the Silurian. 
Massive granites, in part as late as the Cretaceous, occur widely distrib- 
uted as stocks and dikes. 


ORDOVICIAN 


The only Ordovician fossils which have been found in this province 
are those described. by Mr Kindle (see pages 323-324) as occurring in a 
blue-gray limestone which outcrops on the Porcupine river near the Inter- 
national boundary and has a thickness of about 600 feet (see page 323). 
It is possible that some of the crystalline limestones now regarded as 
forming an integral part of the pre-Ordovician schists may represent 
infolded rocks of a later age, and.the Ordovician may be represented by 
some of these. Of the adjacent provinces the Ordovician is known to be 
extensively developed in the Seward peninsula** alone, where it is repre- 
sented by at least a part of the Port Clarence*’ limestone, with a thickness 
of probably several thousand feet. Some carbonaceous shales and lime- 
stones occur in the upper Kuskokwim valley which carry graptolites, 
referred by Charles Schuchert to the Ordovician.*® 

Dawson*’ has described a black shale formation having a thickness of 
some 1,500 feet, which is exposed on the lower Dease river near latitude 
60° and which carries graptolites assigned by Lapham to the middle 
Ordovician. 

These occurrences of deep-water sediments at such widely separated 
localities as Dease river, Porcupine, Kuskokwim, and Seward peninsula 
indicate the vast extent of the Ordovician sea in which they were laid 
down. ‘The relation of the Ordovician to the older terrains has not been 
established, but is probably one of unconformity. There is some evidence 
to indicate a profound metamorphism of the rocks here classed as pre- 
Ordovician previous to the deposition of any of the known Paleozoic 
terrains. On the other hand, however, in the Porcupine valley the only 
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locality where the Ordovician has been found in contact with older rocks, 


the latter had been little altered. There is, therefore, little clew to the | 


age of this first great period of diastrophism. 
SILURIAN 


Terrains which will probably be ultimately referred to the Silurian | 
find a wide distribution in central Alaska, but only a few of them have — 
yet yielded definite Silurian fossils. In the second part of this paper 
Mr Kindle describes the Silurian of the Porcupine, embracing two dif- | 
ferent terrains—a lower, made up of about 2,500 feet of magnesian lime- — 
stone and black shale, and a higher, including about 25 feet of black — 
shale, lying immediately below and unconformable with Devonian sedi- | 
ments. 4 

A westerly extension of these Porcupine rocks would carry them into — 
the Koyukuk basin (see map, figure 1), where Schrader has given the © 
name Skajit formation to some crystalline limestones and schists which ~ 
he provisionally assigned to the Silurian*® on the evidence furnished by — 
an obscure fossil. It seems quite likely, however, that the Skajit may | 
belong with the metamorphic schist series. i 

The section studied by the writers along the upper Yukon does not — 
include any rocks which have been definitely assigned to the Silurian. 
There is, however, a group of heavy crystalline limestones, slates, and 
quartzites of unknown age which may prove to be Silurian, but are here — 
included with the description of the Devonian. | 

In the southwestern part of the province, especially in the region lying 
between Fairbanks and Rampart, there is an extensive development of — 
rocks embracing cherts, slates, and feldspathic sandstones and quartzites, 
with considerable greenstone and some limestone, which have been pro- 
visionally assigned to the Silurian.*® These are younger than and un- 
conformable with the metamorphics and appear to be older than the 
Devonian terrains of the same region. As, however, they are lithologic- 
ally very similar to the Devonian and have yielded (Silurian) fossils at 
only one locality, it is quite possible that a part of this series may be of 
Devonian age. The Silurian fossils were found by Prindle in a heavy 
gray limestone on Quail creek about 12 miles northeast of Rampart. Mr 
Kindle®® reported on these fossils as follows: 


48 F. C. Schrader: Reconnaissance in northern Alaska. Professional paper no. 20, U. 8. 
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“The chief interest of the collection lies in the lamelli-branch fragments, 
which represent a very large thick-shelled form, which it appears almost cer- 
tain is specifically identical with a shell occurring in the Glacier Bay lime- 
stones and similar beds at Freshwater bay, in southeastern Alaska. This shell 
has been referred to the genus Megalomus in southeastern Alaska and consid- 
ered to belong to a late Silurian fauna. 

“The apparent identity of the Quail Creek specimens with those at Glacier 
bay makes it highly probable that the two limestones are of the same age, thus 
indicating a late Silurian age for the limestones of Quail creek.” 


Though this determination indicates a Silurian age for the limestone, 
it is by no means certain that the associated fragmental rocks belong to 
the same terrain. Therefore, while it is safe to assume that the Silurian 
is present in this district, some of the rocks which have been assigned to 
it may be of Devonian age. On the other hand, it will be shown that 
some of the rocks, including slates, limestones, and quartzites, exposed 
along the upper Yukon and here assigned to the Devonian, may be of 
Silurian age. 

It seems probable that this aggregate of rocks comprises a thickness of 
several thousand feet, but, as it is extremely intricately folded, estimates 
of thickness are little more than guesses. These terrains strike north- 
easterly toward Beaver creek, where a belt of similar rocks has been found 
by Prindle** and Hess flanked by Devonian beds. 

A late Silurian fauna, to which the Quail Creek fauna is closely re- 
lated, is also known to occur at Glacier®? and at Freshwater’? bays, in 
southeastern Alaska. These are clearly younger than the fauna of the 
Poreupine district already referred to. The unique character of this 
fauna does not suggest comparison with any other known Silurian fauna 
save in a most general way. It is supposed to represent a horizon near 
that of the Guelph. 

The facts presented show an extensive development of Silurian deep 
sea sediments in the Porcupine district, the possible presence of similar 
rocks in the Yukon section, and the probability that a group of frag- 
mental rocks extensively developed in the Rampart region belongs to the 
same system. Regarding the Silurian of other parts of the territory it 
has only been definitely recognized as a heavy limestone bed in south- 
eastern Alaska, which will be described below. The Port Clarence™* 
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limestone on the Seward peninsula, a very massive bed, is either Silurian 
or Ordovician, and in any eyent the Silurian is probably represented ia 
some of the overlying schistose rocks. 

The possible correlations between these Alaskan Silurian terrains, as 
well as those of adjacent provinces, can best be expressed in terms of pale- 
ontology. This will be here attempted, together with some suggestions — 
as to the possible migrations of faunas; but it should be remembered that 
the data at hand is far from being complete, and the collections have not 
yet been studied in detail. 

The Porcupine River fauna (see list, page 325) contains species which 
link it with the Silurian faunas of both Europe and America. Of these 
Rhynchotreta cuneata, var. Spirifer nobilis, and Pentamerus oblongus 
have long been known in both European and American faunas. The 
peculiar little twisted brachiopod Streptis greyi has been recognized at 
but one other American locality, however. Williams®> has reported it 
from the Saint Clair limestone fauna of Arkansas. In Europe it occurs 
in the Silurian of Bohemia, in England, and at the island of Gotland. 

The Silurian fauna of the type represented by the species of the Porcu- 
pine River fauna is known to have a wide distribution throughout the 
world. It is well known in various parts of Europe and has been recog- 
nized in regions as remote as China,®* New Zealand,°** and Australia.*® 

Another, but smaller, Middle Silurian fauna has been found in south- 
eastern Alaska, on Kuiu island, nearly 1,000 miles southeast of the Porcu- 
pine River locality. This fauna occurs in the midst of a limestone series 
which appears to be 2,000 feet or more in thickness, much of which seemed 
to be barren. Upward these limestones appear to terminate with volcanic 
breccias, while below they pass into cherts and argillites of undetermined 
age. 

The discovery in the Porcupine section of a distinctively Middle 
Silurian fauna representing the cosmopolitan fauna of Europe and Amer- 
ica presents some points of interest in its bearing on the question of the 
route of intermigration of the Huropean and American Silurian faunas 
and the location of the hypothetical western shore of the Silurian sea in 
America. In recent years some geologists have held that the Silurian 
rocks were not represented in western America. “Like the older forma- 
tions of the Silurian, the Niagara has not been identified with certainty 
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in the western part of the continent.”°? Reported occurrences of the 
Silurian west of the Mississippi valley have been questioned,°®? and Weller 
has stated “that the greater part of this region (west of the Mississippi 
valley) was above sealevel during Silurian time. This leaves the North 
as the only available outlet for the interior epicontinental sea.”°! Re- 
cently Chamberlin and Salisbury have stated, with a reservation, that “it 
would appear that a large part of western North America was land during 
the Silurian period.” 

The hypothetical western shoreline of the Silurian sea as drawn by 
Weller runs northward of Arkansas slightly to the west of the Mississippi, 
in the United States, and well to the eastward of the Mackenzie river, in 
British Columbia. Weller has given good reasons for disbelieving that 
the route of intermigration between the interior American and European 
Silurian provinces was by way of New York and to the eastward, which 
would be the geographically most direct one. He has presented the avail- 
able evidence favorable to the view that the route of intercommunication 
was by way of Hudson bay, Greenland, and Spitzbergen, and, in the ab- 
sence of evidence of Silurian faunas in the Northwest, concludes that the 
path of migration was by this northeastern route.°* The discovery of a 
Middle Silurian fauna in northern and southeastern Alaska requires the 
shifting of the provisional boundary of the Silurian sea alluded to above at 
least 1,000 miles to the westward in the northern third of the continent. 
It indicates also that the Alaskan route, by way of Siberia, as well as the 
Hudson Bay and Greenland route, must be considered as a possible and, 
in the opinion of the writers, a probable route of intermigration between 
the European and interior American faunas. 

The absence in the American pre-Silurian rocks of any fauna from 
which the Silurian fauna could have been derived compels the conclusion 
that many of its more distinctive elements entered the American Silurian 
sea from a foreign center of dispersion. 

The collections of various exploring expeditions have shown the pres- 
ence of a Silurian fauna at a number of points in the Arctic islands which 
fringe the northeastern part of the continent. For a knowledge of these 
collections we are indebted largely to Koenig,®* Salter,*° Houghton,°° 
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Meek,** Etheridge,** and Emerson.®® ‘The recent explorations of Low” 
and Schei‘t have added to our knowledge of these northeastern faunas. 
The several papers by these authors show that a large percentage of the 
species of this northeastern American Arctic fauna is common to the Mid- 
dle Silurian of Europe and the interior of America, with which the Alas- 
kan fauna is affiliated. 

Whether the Silurian fauna of the Mississippi valley, Canada, and 
Arctic America received its foreign element via a northeastern or a north- 
western route can not perhaps be conclusively determined with our present 
knowledge, but some of the considerations which seem to point to the 
latter conclusion may be stated briefly. 

To the northeast of the north Greenland Silurian the nearest known 
Paleozoic rocks are those of Spitzbergen; but these do not include the 
Silurian, so far as known. Moreover, a marine trough showing depths of 
from 10,000 to 15,000 feet separates the land masses of Greenland and 
Spitzbergen. Turning to northwestern America, we find in sharp con- 
trast with this a continuous continental shelf connecting the Alaskan, 
Asiatic, and European coasts. The theory of the relative fixity of the 
great marine troughs lends probability to the supposition of littoral con- 
ditions having existed during the Silurian in the general region of the 
Alaskan and Siberian coasts. On the other hand, the comparatively great 
depth of the sea to the northeast of Greenland makes unlikely the exist- 
ence of a shoreline across it during the Silurian, which would have been 
required for trans-Atlantic migration of faunas in that region. 

But little is known of the Silurian fauna of Siberia. Silurian rocks 
are reported to occur, however, in the new Siberian islands and in the 
Upper Yenisei River valley.” 

These occurrences of the Silurian in Siberia, in the intermediate region 
between the Silurian sections of the Urals and Alaska, leads us to expect 


6 Arctic Silurian fossils. Appendix, p. ecvii, to Journal of a voyage in Baffins bay 
and Barron straits in the years 1850-51, etc., by P. C. Southerland. London, 1852. 

6 Geological account of the Arctic archipelago. Appendix IV to A narrative of the 
discovery of the fate of Sir John Franklin, etc., by Captain M’Clintock. Berlin, 1860, pp. 
341-372, with map. 

& Preliminary notice of a small collection of fossils found by Doctor Hays on the west 
shore of Kenneday channel. American Journal of Science, second series, vol. 40, p. 31. 

68 Paleontology of the coasts of the Arctic lands visited by the late British expedition 
under Captain Sir George Nares. Quarterly Journal of the Geological Society of Lon- 
don, yol. 34, pp. 568-639, pls. 25-29. 

62 On the geology of Frobisher bay and Field bay. Appendix III to Narrative of the 
second Arctic expedition made by C. F. Hall. Washington, 1879. 

70 New Land. Four years in the Arctic regions, by Captain Otto Sverdrup, with geo- 
logical appendix to vol. ii by P. Schei, 1904, pp. 456-458. 

™1The cruise of the Neptune. Report on the Dominion government expedition to 
Hudson bay and the Arctic islands, by A. P. Low, Ottawa, 1906, pp. 322-336. 

72 Bd. Suess: La face de la terre, tome iii, 1902, pp. 24-52. 
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the discovery of other Silurian rocks in Siberia in the future which will 
more closely connect the Silurian faunas of northeastern Europe and 
Alaska. 

In this connection the known distribution of the peculiar brachiopod 
Streptis greyi deserves consideration. It occurs in England, the island 
of Gotland, Bohemia, Alaska, and Arkansas, while it is entirely unknown 
east of the Mississippi river and in northeastern America. This pecu- 
larly developed species forms an important connecting link between the 
faunas of Arkansas, Alaska, and Europe, and its apparent absence from 
the eastern third of America points toward a northwestern rather than a 
northern or northeastern connection between the Silurian faunas of 
Hurope and America. . 


DEVONIAN 


Devonian terrains are known to be widely distributed in the Upper 
Yukon basin, but their succession is but imperfectly determined. As 
rocks of this period are well developed along the Yukon between Hagle 
and Circle, and as their stratigraphic relations have been more closely 
studied in this field than in any other part of the province, it will be well 
to describe it in some detail. Some of the terrains here assigned to the 
Devonian are included in Spurr’s"* “Rampart series.” This fact has led 
to a rather loose use of the term “Rampart series,” and it has been made 
to include all the Devonian of the Yukon region, especially where it con- 
tains any greenstones. 

The Devonian probably includes a number of well defined stratigraphic 
units which will be referred to; these could not be differentiated on the 
accompanying map because of lack of detailed information (see map, 
page 278). First the geographical distribution of the Devonian in this 
area will be considered (see map, figure 2), and then the stratigraphic 
succession so far as it has been determined. Between Hagle and Calico 
bluff there is a series of rocks, including drab shales, with some feld- 
spathie sandstones and black slates and shale, which are assigned to the 
Devonian. A second belt of rocks, which are probably Devonian, includ- 
ing quartzites and limestones, with some cherts, outcrops a mile below 
the mouth of Fourth of July creek (see map, figure 2), and continues 
down the river for some 2 miles, to where it passes underneath the Meso- 
zoic. ‘The same belt probably extends westward and was observed again 
on the lower part of Washington creek, where it is represented chiefly by 
quartzites and tufts. 


73 J. BH. Spurr: The geology of the Yukon gold district. BHighteenth Annual Report, 
U. S. Geological Survey, part iii, pp. 155-168. 
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Devonian limestones were found at intervals along the river between 
the mouth of Coal creek and for some 3 miles below the mouth of Wood- 
chopper. ‘This limestone occurs interlarded among large masses of green- 
stone, which latter must also find place in the Devonian. 

An entirely distinct belt of rocks, here also provisionally assigned to 
the Devonian, is exposed in a series of cliffs skirting the south bank uf 
the river some 8 miles below Woodchopper creek. This belt includes 
massive limestones, thin-bedded limestones, shales, slates, and quartzites, 
with a little tuff. Mesozoic beds cut off this series from another belt of 
Devonian rocks, made up chiefly of greenstones, with some slate and chert, 
which continues to outcrop down the river nearly to Circle. 

The shales of the Eagle belt and the lhmestones of the Washington 
Creek belts, as well as those interlarded with the greenstones at Wood- 
chopper creek, carry fossils assigned to the Middle or Upper Devonian. 
The lmestone and slate series outcropping 8 miles below Woodchopper 
ereek yielded only a few fragmental fossils which have been assigned to 
the Devonian. On general stratigraphic grounds the latter series is con- 
sidered the oldest, and it is not impossible that it may be in part, at least, 
Silurian. 

This last group, here considered, the oldest Devonian rocks, though it 

.may be of Silurian age, is exposed in a series of bold bluffs which mark 
the southwestern bank of the river for a distance of 3 to 4 miles. The 
strikes are about east and west and at right angles to the course of the 
river. Close folding, shearing, and faulting have obscured the structure, 
and the dips are varied, but most often to the north at angles varying 
from 45 to 60 degrees. 

At the southern end of the section is a group of rock pinnacles made 
up for the most part of a massive blue to white, semicrystalline, exceed- 
ingly cherty limestone. Some shales occur with the limestones and some 
of the limestone layers are so siliceous as to be better described as cherts. 
This limestone has been much sheared and altered and all traces of bed- 
ding obliterated, and it was impossible to determine the thickness, which 
probably does not exceed a few hundred fect. In general it seems to 
strike about east and west, parallel to the rest of the series. Diligent 
search was rewarded by the finding of only a few fragmental fossils, in- 
cluding Favosites sp. and Atrypa reticularis, and it is on the basis of these 
indecisive fossils that the entire succession is provisionally referred to 
the Devonian. To the north of the limestone, and probably stratigraph- 
ically above it, is a mass of black shale and chert, and then an anticlinal 
fold appears to bring up the same limestone again. North of this fold 
there is a monotonous repetition of dark flaggy limestones, green clay 
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shales and slates, with some quartzites and a little tuff. All these rocks 
are closely folded and sometimes faulted, and there are probably duplica- 
tions of the same beds. Therefore, though these rocks outcrop for several 
miles, they may not exceed a few thousand feet in thickness. The ab- 
sence of greenstones, with the exceptions of a very subordinate amount of 
tuff, differentiates these rocks from the other Devonian terrains of the 
adjacent regions. In general the succession can be said to be calcareous 
and argillaceous with a striking absence of igneous and fragmental ma- 
terial. This succession is sufficiently distinctive to warrant giving it a 
formation name, were it not that its limits are too ill defined and its 
stratigraphic position too uncertain. In considering the age of the rocks, 
it should be noted that the oldest Devonian of the Porcupine is a lime- 
stone carrying Middle Devonian fossils, and that this rests on Silurian 
beds. If the series above described is Devonian, it represents a formation 
which is entirely lacking in the Porcupine section. 

Some 2 or 3 miles below the mouth of Fourth of July creek a belt of 
limestones, cherts, with some interbedded carbonaceous clay shales and 
slates, together with considerable limestone conglomerates, are exposed 
on the west bank of the Yukon, which are here provisionally assigned to 
the Devonian without paleontologic evidence. The stratigraphic position 
of these rocks, like that of the series described above, is very uncertain. 


The lthologic character of these sediments would suggest that they be- i 


long with the cherty limestones, etcetera, already described and assigned 
to the oldest Devonian or Silurian, but their intimate association with 
igneous rocks points to a correlation with the limestone-greenstone series 
of Middle Devonian age to be described below. > 

The dominating rock of this belt is a blue cherty limestone which, adja- 
cent to some intrusives, becomes quite crystalline. In places the limestone 
is interbanded with chert layers; in others, with beds of carbonaceous 
shales. Some beds of limestone conglomerate or breccias were found 
interlarded with the other sediments. In these the fragments are in part 
well rounded, suggesting water action; in part, quite angular, and may 
be frictional breccias. The cement of some of these conglomerates, which 
is iron stained, was believed in the field to be tufaceous, but a microscopic 
study of the thin-section shows it to be purely of sedimentary origin. 
Greenstone intrusives, chiefly of diabasic or basaltic character, are very 
extensively developed in association with these rocks. They occur chiefly 
as dikes, possibly also as sills. That the shearing which produced the 
limestone breccias was subsequent to the intrusives is shown by the fact 
that many of the dikes themselves are badly fractured and deformed. In 
places there are many calcite veins between the igneous rocks as well as 
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some of the quartz. The latter carry some pyrite. All of the rocks are 
characterized by an abundance of pyrite, whose oxidation products have 
stained them withiron. This pyrite is particularly abundant in the lime- 
stone, where it occurs in nodules and small seams. 

The whole series is so closely folded that neither the structures or 
thickness could be determined. It seems probable that its thickness does 
not exceed 500 feet, but this is uncertain. The relation of these rocks 
to the adjacent formations was not determined, but they are probably 
separated from the Carboniferous to the east by a fault, and are overlaid 
unconformably on the north by the Mesozoic beds. Rocks of a similar 
character occur on Washington creek, about 15 miles west of the locality 
described above. The relations shown on the map (figure 2) indicate 
that the two areas are probably continuous. These rocks were first de- 
scribed by Collier,“* who correlated them with Spurr’s Rampart series. 
The observations of the writers indicate that they form a belt about 4 or 5 
miles wide, striking about east and west and bounded both north and 
south by the younger Mesozoic beds. It should be noted, however, that 
mapping of the Mesozoic beds to the south is based on lithologic evidence 
alone. 

This belt of Devonian is made up for the most part of very fine-grained 
sandstones and quartzites and argillites, with some limestone, together 
with large masses of greenstone, probably chiefly of a diabasic character. 
Interbedded with the true sediments are some fine-grained fragmental 
rocks, having a general greenish color. These, under the microscope, are 
seen to be made up of fine quartz grains with much calcite and chlorite. 
Collier called these rocks tuffs, and such they may be, though definite 
proof appears to be wanting. The greenstones are made up entirely of 
secondary minerals, in which quartz, calcite, and chlorite dominate. One 
thin-section revealed what seemed to be the remnants of an ophitic struc- 
ture, and for this reason, and because of their general resemblance to the 
greenstones of the same province known to be diabases, these rocks are 
all assigned to the diabase family. All of these rocks are closely folded; 
the prevailing strikes are a little north of east, but there is no certainty 
of dip. They are unconformably overlaid on the north by Mesozoic beds. 

The oldest Devonian rocks of the Yukon which have yielded fossils 
embrace a series of blue and white semicrystalline limestones which are 
exposed at intervals along the river for 15 to 20 miles below Coal creek. 
These limestone masses are separated by extensive areas of greenstone, 
which in turn are locallyassociated with some cherts and slates. The lime- 


™% Arthur J. Collier: The coal resources of the Yukon. Bulletin no. 218, U. 8. Geo- 
logical Survey, pp. 28-29. 
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stones probably form the base of this succession, as will be shown below. 
Its fossils are correlated with those from a limestone of Middle Deyo- 
nian age on the Porcupine. The igneous rocks and associated slates and 
cherts are undoubtedly Devonian and in general younger than the lime- 
stones. ‘They may belong either to the Middle Devonian or represent the 
Upper Devonian shale series found near Eagle and to be described below. 
It should be noted that heavy cherty limestone and associated rock, 
which are traversed by the Yukon a few miles below Woodchopper creek 
and have been already described and provisionally assigned to the lowest 
Devonian or Silurian, occur in this same general area. 

The limestones of this series occur in small patches, often representing 
small anticlines and apparently inclosed within the greenstone. It is 
essentially a blue cherty limestone, but locally has been altered to a semi- 
crystalline phase, apparently due to the metamorphic effect of igneous 
rocks. On the lower part of Woodchopper creek and at a few other local- 
ities black argillites are associated with the limestones. The limestone 
was found only in the northern part of the area within a few miles above 
and below the mouth of Woodchopper creek. In the northern two-thirds 
of the area only igneous rocks were observed, with the exception of some 
small belts of red and green siliceous slates and cherts which occur within 
the greenstones. 

The igneous rocks which make up this complex have been fully de- 
scribed by Spurr,’ and it is not intended to go into the matter here. 
They appear to be in a large measure effusive rocks, but intrusives are 
not uncommon. In general, both the extrusive and intrusive phases are 
of basaltic or diabasic character, but they vary greatly in composition. 
Bedded tufaceous rocks are not uncommon, and some of these appear to 
gerade into impure sediments. 

In the hand specimens the rocks are characterized throughout by a 
green color. They are usually jointed and sometimes locally schistose. 
At several localities some coarse voleanic breccias were observed. The 
anticlinal structure of some of the limestone masses occurring in this 
complex has already been referred to, and beyond this there is little to be 
said of the altitude of the sediments. The igneous material is usually 
quite massive, though there is an occasional suggestion of different lava 
flows among the effusives and bedding among the tufaceous rocks, and 
marked jointing was noted throughout the greenstone series, producing 
blocky angular fragments. 

The igneous series has a marked effect on the topography: where it 


7% J. E. Spurr: The geology of the Yukon gold district, Alaska. Wighteenth Annual 
Report, U. S. Geological Survey, part iii, pp. 161-166. 
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forms the country rock, as in the Yukon as well as the larger confluent 
stream, the river valleys are narrow, with walls rising steeply from close 
to the water’s edge. The smaller tributaries occupy V-shaped gorges. 
Many small castellated peaks and pinnacles break the contour of the val- 
ley slope, giving an irregular topography along the watercourses. This 
irregularity is not carried back into the interstream .areas because of the 
general beveling to which the uplands have been subjected in a previous 
cycle. 

Fossils were found at a number of localities in the limestones. At 
some exposures opposite the mouth of Woodchopper creek and about 1 
mile farther up the Yukon the following fauna occurs in limestones inter- 


bedded with tufts: 


Devonian Fossils obtained near Woodchopper® 


Cyathophyllum sp. Anoplotheca ? concava (Hall). 
Crinoid stems. Dalimanella sp. 

Stropheodonta cf. calvini Miller. Spirifer sp. 

Camarotechia, small sp. Rensseleria ? sp. 

Atrypa reticularis Linn. Cyupricardinia sp. 

Atrypa cf. flabellata Goldt. Conocardium sp. 

Schizophoria striatula (Schlotheim). Actinopteria near perstrialis Hall. 
Ambocelia cf. umbonata (Conrad). Pleurotomaria sp. 


Sigaretus ? 0. sp. 


This is the same fauna and horizon as that occurring at the mouth of 
Salmontrout river on the Porcupine (see page 327). Atrypa cf. flabel- 
lata is one of the most abundant species in both faunas. The very pecu- 
liar gasteropod here referred doubtfully to Sigaretus and Stropheodonta 
cf. calvini are also common to both. 

About 2 miles below Woodchopper creek the igneous beds which are 
there the predominant rocks are interrupted by a cliff of bluish gray 
Devonian limestone rising 200 feet above the river. Fossils are very 
scarce here. The following species were obtained: 


Crinoid stems. Stropheodonta sp. 
Atrypa reticularis. Conocardium sp. 
Camarotechia sp. 


The base of the Devonian section is not exposed on the Yukon, but the 
limestone on the Porcupine, which the faunas pretty clearly indicate to 
be the stratigraphic equivalent of the limestone beds near Woodchopper, 
is known to rest directly on the Silurian. Both of these faunas appear to 


*6Tt is proposed to describe fully and to illustrate the Devonian and Silurian faunas 
listed in this paper in a subsequent paper, when the paleontologic determinations will 
be subject to revision, with the aid of more complete collections. 
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be referable to the Middle Devonian, as pointed out in the discussion of 
the Porcupine fauna (see page 328). Unless, therefore, the Devonian 
section begins earlier on the Yukon than on the Porcupine, of which 
there is no positive evidence, the limestones near Woodchopper le near 
the base of the Devonian section. Their Middle Devonian age is sug- 
gestive of an unconformity at their base. 

While this evidence points to the Middle Devonian age of the lime- 
stones associated with the greenstones, the greenstones may be somewhat 
younger, and represent about the same horizon as the Upper Devonian 
shales and slates to be described as occurring between Eagle and Calico 
bluff. If this proves to be the case, it would indicate that while igneous 
activity was widely spread, yet the resulting extravasations were compara- 
tively local. 

It is worthy of note that rocks of a similar diabasic composition have 
been described by McConnell” as occurring along the Yukon near Daw- 
son and called by him the “Moose Hide group.” McConnell shows that 


this rock is greatly sheared and in part altered to serpentine. ‘The obser- 


vations of the writers indicate that this same terrain forms the greater 
part of the country rock along the Yukon from Dawson to the mouth of 
Fortymile river. 

Spurr’s type locality for the igneous rocks included in the Rampart 
series is along the Yukon below the Flats in the so-called Ramparts. 
Though this area was not studied in detail by the writers, yet the same 
types of rocks are known to occur as those described on the upper river. 


Unfortunately there have been no fossils found in the Ramparts of the — | 


Yukon and the correlations depend on the general lithologic similarity. 

Mendenhall’$ has described an igneous complex under the name Kanuts 
series, which occupies an area of several hundred square miles between the 
Ramparts of the Yukon-and the Koyukuk valley. This complex is made 
of basic igneous rocks, including both effusive and extrusive, together 
with some pyroclastics and hornstones. Mendenhall points out the simi- 
larity of these rocks to Spurr’s Rampart series and provisionally assigns 
them to the Middle Paleozoic. 

In the region south of the Ramparts there are many greenstones’® in 
association with various types of sediments which have been assigned to 
the Devonian. These greenstones are of diabasic character and include 


7 R. G. McConnell: The Klondike gold fields. Geological Survey of Canada, no. 884, 
1904, pp. 22B-23B. 

7s Walter G. Mendenhall: A reconnaissance from Fort Hamlin to Kotzebue sound: 
Professional paper no. 10, U. S. Geological Survey, pp. 32-38. 

77. M. Prindle and Frank L. Hess: The Rampart gold placer region. Bulletin no. 
280, U. S. Geological Survey. 
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some pyroclastics and are similar to those of the upper Yukon, with 
which they may be provisionally correlated. 

The Devonian of the Rampart region has been recently described by 

Prindle,*° and he has recognized two subdivisions under this heading: 
(1) A lower, which may be Silurian, made up chiefly of cherts, argillites, 
and greenstones, and (2) an upper or true Devonian, consisting of 
massive limestones, greenstones, red, green, and black argillites, quartz- 
ites, and conglomerates. ‘The limestones carry fossils, assigned to the 
Middle Devonian. Of these terrains it is probably safe to say that they 
represent in a general way the igneous group of the upper Yukon, though 
close correlations can not now be made. 
_ Devonian limestone has been found in the Mount McKinley region and 
in the middle Kuskokwim** valley. Keele has described some limestones, 
quartzites, and slates which outcrop in extensive areas in the upper part 
of the Stewart River** basin and assigned them to the Devonian. The 
evidence that this series is Devonian would appear to be far from con- 
clusive, but it can hardly be questioned that they are Paleozoic. In a 
personal letter Mr Keele presents a measured section of these rocks which 
shows a greenish quartzite (450 feet) at the bottom, succeeded by over 
3,000 feet of argillites, with some arenaceous and calcareous rocks, and 
then overlaid by some 600 feet of sandstones, grits, and fine conglomer- 
ates. The whole section measures about 4,200 feet. Their succession 
does not bear much resemblance to any of the rocks of the Upper Alaska- 
Yukon section, but it is not unlike some of the terrains of the Rampart 
district which have been provisionally assigned to the Devonian. 

In the region north of the Yukon Devonian terrains have not been defi- 
nitely recognized, but fossils found in the alluvium point to the presence 
of Devonian rocks in the area drained by the Chandlar river.** 

The Devonian fauna which has been described from the Mackenzie 
River district by Meek** and Whiteaves** represents apparently about the 
same general horizon as the lowest Devonian limestone fauna on the Por- 
eupine and Yukon, but there are comparatively few species common to 
the two. No Lower Devonian fauna has been reported from the Mac- 


%]. M. Prindle: The Fairbanks and Rampart quadrangles. Bulletin no. 327, U. S. 
Geological Survey. 
'S J. E. Spurr: A reconnaissance in southwestern Alaska. Twentieth Annual Report, 
U. S. Geological Survey, part vii, pp. 157-159. 

82 J. Keele: Report on the Upper Stewart River region, Yukon. Geological Survey of 
Canada, no. 943. 1906, Ottawa, p. 14C. 

SF. C. Schrader: A reconnaissance along the Chandlar and Koyukuk rivers. Twenty- 
first Annual Report, U. S. Geological Survey, part ii, p. 476. : 

™ Transactions of the Chicago Academy of Science, vol. 1, 1969, pp. 61-114, pls. 11-15. 

S Geological Survey of Canada, Contributions to Paleontology, vol. 1, part 3, 1891, pp. 
197-253, pls. 27-32. 
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kenzie River district, although “2,000 feet or more of grayish limestone _ || 
interstratified with dolomites,” lying below the beds with Middle Devo- 
nian fossils, are referred provisionally to the Devonian by McConnell.* 
In the absence of paleontologic evidence of the age of this dolomitie || 
series, it would appear probable that it is of Silurian age and should be 
correlated with a series of somewhat similar character on the Porcupine 
river which is shown to be of Silurian age in this paper. 

In southeastern Alaska Lower, Middle, and Upper Devonian faunas 
have been recognized by Kindle.8’ Neither the faunas nor the lithologie || 
members of the section show any close resemblance, however, to those of 
the Upper Yukon Devonian section. 

The slates and shales, with subordinate sandstone masses and some 
greenstones, which outcrop along the Yukon between Eagle and Calico 
bluff, form a second group of Devonian rocks. The upper part of this 
succession, made up of black shale and slate, lies immediately underneath 
and conformable to the limestones and shales of the Calico Bluff forma- 
tion of Lower Carboniferous age. It is probable, therefore, that all of 
the rocks in this group should be referred to the Upper Devonian. The 
few fossils which have been found in the rocks of this group bear out this 
point of view. 

Immediately northwest of the town of Eagle is a high ridge trending || 
about east and west. Hagle peak, the eastern end of this ridge, is made 
up largely of greenstone, which outcrops in numerous small cliffs along 
the slope. The greenstone is both massive and schistose, the latter phase | 
occurring along shear zones. The massive form, which was studied by 
Prindle a few miles to the westward, appears to be a basalt in which the 
schistose phases are made up entirely of secondary minerals, among which 
chlorite dominates. At this locality no tuffs were found, but Prindle re- 
ports some tufaceous rocks near the International boundary on what 
appears to be an eastern extension of this belt. 

On the southern slope of Eagle peak, and half way between the river 
and the summit, a bed of shaly siliceous limestone, less than a hundred 
feet thick, was observed, and Prindle reports similar occurrences a few 
miles to the westward. The presence of this unaltered limestone in the 
midst of the igneous rock indicates that the latter were surface flows 
rather than intrusions, and suggests that the volcanic outpourings were 
submarine rather than terrestrial. 

The section exposed along the river, on the other hand, about 1,500 
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feet below the limestone described, shows a series of slates and phyllites 
intimately intermingled with greenstones, some of which may be intru- 
sive, but all appear to be of the same types as those described above. 
These rocks are intensely folded and shattered. It is not impossible that 
these phyllites may represent a part of the older schist series, but their 
association with the Devonian is so intimate as to lead to their assign- 
ment to that system. These phyllites and some greenstones are exposed 
for about a mile down the river, and then, after passing a belt without 
any exposures, an area of black and gray shales with some feldspathic 
sandstones is encountered. ‘These beds are thrown up into broad, onen 
folds striking about east and west, with dips of from 20 to 50 degrees. 
Careful search was rewarded by only a few fossils, but sufficient to iden- 
tify the beds as Devonian. It must be confessed that the evidence that 
the greenstones, with associated limestones and phyllites, belong to the 
same terrains as the snales and sandstones is by no means conclusive. 
Similar greenstones, however, in the other parts of the province are 
known to be of Devonian age. 

Near the big bend 6 miles below Eagle (see map, figure 2), a belt of 
chert conglomerate and sandstone, with some shale, here assigned to the 
Carboniferous, crosses the river. These rocks are here correlated with 
the Nation River formation, but it is not impossible that they may be of 
Devonian age, in which case they represent a phase of the Devonian un- 
known in any other part of the section here described, or may even be of 
Tertiary age. The relation of these Devonian shales to this conglom- 
erate series could not be determined, but the general distribution of the 
two formations suggests that they are separated by a fault. Half a mile 
below the last outerop of the conglomerate there is a second belt of Devo- 
nian, here made of black siliceous slates carrying considerable pyrite, suc- 
ceeded by black clay shales and slates. These carry a few Devonian fos- 
sils and merge upward into a shale limestone series which yielded 
Carboniferous (Mississippian) invertebrates and here called the Calico 
Bluff formation. The shales of this Upper Devonian horizon have a 
rather uniform dip downstream, with a thickness of at least 1,000 feet. 
The lower and more siliceous beds of this horizon are much jointed, two 
systems being recognizable, one parallel and one at right angles to bed- 
ding. A diabase dike was noted cutting these slates at right angles to the 
bedding. 

Fossils are extremely rare in the shale series which forms the highest 
divisions of the Devonian. Below Eagle about 5 miles, on the west bank 
of the Yukon, a single specimen of a lamelli-branch was found in the 
drab-colored Upper Devonian shales. Although fragmentary, it appears 
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almost certainly to belong to the species Buchiola retrostriata, an Upper 
Devonian form very characteristic of the Nunda or Portage in the New 
York section. The shales in which it was found resemble those of the 
Nunda. 

These drab shales are followed above by black shales in the section as 
developed between Eagle and Calico bluff. The black shales, which some- | 
times are altered to slate, are well exposed in the northeast bank of the 
Yukon one-half mile above Calico bluff. Here a small Lingula somewhat _ 
like L. spatulata occurs sparingly. No other fossils were found in the | 
black shale at this place. The same beds form the base of the Calico — 
Bluff section where their relation to the Carboniferous series is clearly 
shown. The section exposed at Calico bluff is given below in order to 
show in detail the transition of the Carboniferous series: 


Calico Bluff Section 


o. Gray to blackish shale, with few bands of limestone.................. 
Gray limestone in 6-inch to 12-inch bands, interbedded with thin bands 

Of black::Shal@ \: z:dic. sis wicjciz occ Baversicie aie eiavetoleisie Seis ioe eke eo ereteeioee te 

m. Black shale and subordinate thin bands of limestone.................- 
l.. “Blackcarbonaceous ‘Shale. xc sicsjnte miso <: ctsyoreisie wie erate aie isieie een steven eieiele ats 
ks (Graya chert, andi black «Shalev yacietercie oisteroleiercheteetcieesie ioe ieee renee remeron tas 
j. Dark gray limestone full of Productus, etcetera...................... 
157) Dark Carbonaceous! SHAG cmr-loreicisle mieterotere arereretenelectcieverstetisiebencteeterereiteieneke 
fia Grayrcherby limestone sieves ior-y-tetenerctoreieiee a ete hetet netic ete tel iene eee rae 
Ose SOttefissile sbla ck: Staller cxcrcicierete cies oketete ie eteeiede oleteketehieyo ions erento rae 
| PoE Clie Warcl OS) ol Ge es ee Cree Eee Ree Cases orate ONS LICRICRAOIEDIS Sod Slo clco Bc 
@ - Missile: black carbonaceous) Shale sos crperetetetorets ole reie lo leistevar- euch eee 
d. Black carbonaceous shale, with slaty cleavage developed in most beds. . 
c. Black carbonaceous shales, with some thin black chert bands inter- 
DOM. sy. 35.205 aheree: oa lavsiia Poca wie tetera ch orate oles orreraueaie ov enous ne lereesnets everepeiny 

b. Black cherts in 4-inch to 6-inch bands and interbedded black shale..... 
a. (Black carbonaceous fissilesshall ez tiers are eictoteneie oteisiets eaten ecient : 

fe) 2) Ae ere ae ne tain ori ainisti"ed bin como eenatiad cane 15: 


The only fossils found in the lower 500 feet of this section is a small 
Lingula somewhat like L. spatulata, but a different species. In number 7 
of the section oceurs a Leiorhynchus closely allied to L. laura Billings 
and a Chonetes somewhat resembling C. manitobensis. Characteristic 
Lower Carboniferous fossils appear in the section in the divisions above g. 

While the Devonian age of the beds below number h can hardly be posi- 
tively affirmed from the evidence of the three species found in them, the 
entire absence of characteristic Carboniferous fossils from this portion 
of the section and the still lower drab and reddish shales seen elsewhere is 
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significant, and, taken together with the character of the few fossils 
occurring in it, justifies us in referring the lower 500 feet of the Calico 
Bluff section or the portion below the lowest limestone bands to the Devo- 
nian with considerable assurance. Above number g of the section the 
beds hold a Carboniferous fauna. 

The above rather fragmentary data clearly show both an extensive de- 
velopment and a wide distribution of rocks assignable to the Devonian in 
the Upper Yukon basin. If one were to venture on a subdivision of this 
great series on the facts in hand, it would be to recognize three general 
groups. The lowest group would comprise the heavy cherty bluish white 
limestones and associated argillites, quartzites, and thin-bedded lime- 
stones occurring below Woodchopper creek, which may be Silurian and 
are characterized by a relatively small amount of igneous material. The 
cherts, quartzites, and limestones of the Washington Creek area are pro- 
visionally included with the formation. The lowest member of the Devo- 
nian or Upper Silurian described by Prindle in the Rampart region, and 
probably also the rocks of the Stewart river, assigned to the Devonian by 
Keele, can be provisionally correlated with this general horizon. 

A second group would include limestones and the associated igneous 
rocks, argillites, and cherts. The igneous rocks of this group would appear 
to be identical with Spurr’s Rampart series; but it must be remembered 
that it is only for the limestone member of this group that the age has 
been determined, and that the igneous rocks may be somewhat younger. In 
its typical occurrence this igneous group is undoubtedly the best defined 
of the stratigraphic subdivisions here proposed for the Devonian. As a 
cartographic unit, however, it is not serviceable, because including, as it 
does, some intrusives, these are likely to be found as dikes cross-cutting 
various older formations. Moreover, the equivalent of this igneous com- 
plex in adjacent areas may be found among the purely sedimentary rocks. 
The stratigraphic relations of Middle Devonian horizon to the older rocks 
here assigned to the Devonian is not known, but may very likely be one 
of unconformity. 

The third group includes the argillites and subordinate sandstones and 
siliceous slates, which occur immediately underneath and conformable to 
Mississippian terrains. These rocks are but sparingly fossiliferous, and 
may be found to be in part of synchronous age with the igneous complex 
of the second group. If the argillite group is distinct from the igneous 
eroup, there may be an unconformity between the two, and the apparent 
absence of the latter in many localities may be due to erosion, which re- 
moved the igneous rocks before the sediments were laid down. 

Little can be said of the thickness of the Devonian in this province, 
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The heavy limestones and associated rocks of the lowest group may meas- 
ure several thousand feet. It is probably safe to estimate that the expo- 
sures along the upper Yukon of Middle Devonian limestones and asso- 
ciated greenstones indicate a thickness of from 5,000 to 8,000 feet, much 
the larger part of which is made up of igneous rocks. The upper argil- 
lites and associated sandstones are roughly estimated to have a thickness 
of about 1,000 feet. 

The Devonian fauna of Alaska seems, so far as we know it, to conform 
to a general and widespread tendency of the Devonian fauna to develop 
provincial types. Neither in Alaska nor elsewhere do we know any type 
of Devonian fauna with such a worldwide distribution as the Middle 
Silurian fauna, with which the Porcupine Silurian fauna has been corre- 
lated in preceding pages. Very diverse types of faunas were developed : 
during the Devonian period, which sometimes flourished even in such ~ 
close proximity as contiguous portions of the same sea. It is not sur- 2 
prising, therefore, to find strong contrasts between the fauna of the ; 

4 


Devonian limestone of the Yukon section and that representing a similar — 
horizon in southeastern Alaska. The latter also appears to bear little 
resemblance in its composition to the best known of the Rocky Mountain 
Devonian faunas, the fauna of Nevada,** or the Jefferson®® limestones. q 
The marine basin represented by these limestones appears to have had | 
a considerable north and south extension, reaching from central Nevada fl 
into western Montana; but it was probably not connected with the south- 
eastern Alaskan basin, since the Middle Devonian fauna of the latter 
region appears to have a closer relationship to the Devonian of the Mani- | 
toba than that of the Rocky Mountain region. : 
The southeast Alaskan and the Manitoba faunas contain foreign ele- | 
ments which are unknown in Devonian faunas of north or eastern Amez- 
ica. The presence in southeast Alaska of Hercynella®® and in Manitoba 
of Stringocephalus,** genera which are well known in Europe, but un- 
known in eastern America, indicates both the relationship of these west- 
ern faunas to those of Europe and a probable northwesterly route of inter- 
migration between the Devonian faunas of western America and Europe. 


88 C, D. Walcott: Paleontology of the Eureka district. Monograph no. viii, U. S. Geo- 
logical Survey, 1884, pp. 99-211, pls. 2-6, 13-18. 

89). M. Kindle: The fauna and stratigraphy of the Jefferson limestone in the north- 
ern Rocky mountains. Bulletin no. —, U. S. Geological Survey, 1908. (In prepara- 
tion.) 

0H. M. Kindle: Notes on the Paleozoic faunas of southeastern Alaska. Journal of 
Geology, vol. xv, 1907, p. 326. 

1 J. F. Whiteaves: Descriptions of some new or previously unrecorded species of fos- 
sils from the Devonian rocks of Manitoba. Transactions of the Royal Society of Can- 
ada, vol. viii, 1890, section iv, p. 93. 
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With our present knowledge of the Middle Devonian fauna of the 
Yukon section, a very close relationship to other faunas can not be 
pointed out. It appears probable, however, that the Devonian fauna of 
the Yukon River district bears a closer relationship to the Mackenzie 
River fauna*’ than to any of the other western faunas outside of Alaska. 

The known Upper Devonian fauna of the Yukon section, limited as it 
is to a very few species, is too imperfectly known to afford much basis for 
comparison with faunas elsewhere. The presence in it, however, of 
Lieorhynchus and a Buchiola closely allied to if not identical with 
retrostriata suggests that a more complete knowledge of it will show a 
rather close relationship with the Upper Devonian of eastern America. 
None of the species occurring in the Upper Devonian of the Yukon sec- 


tion have been thus far found in the Upper Devonian of southeastern 
Alaska. 


CARBONIFEROUS 


The Devonian rocks are not separated by any break from the overlying 
Carboniferous terrains. ‘The division line between the two systems lies 
within the upward extension of the black argillites, which form the 
uppermost member of the Devonian. As there is no abrupt change in 
lithologic character in passing from one group to the other, the line of 
cleavage between the Carboniferous and Devonian must be determined 
largely on paleontologic evidence. ‘This is as would be expected, for both 
the uppermost part of the Devonian and the lowest member of the Car- 
boniferous are represented by sediments that are deposits of deep-sea 
conditions. 

The Carboniferous terrains of the upper Yukon include about 5,000 
feet of strata, the lowest of which rest conformably on the Devonian. A 
triple subdivision has been recognized, the two lowest of which form well 
defined stratigraphic units and have been given formation names, while 
the upper, which is to be correlated with so-called “Permian” of Alaska, 
has not been named, because its limits are not well defined. The large 
collections made from the highest member by the writers are referred by 
Doctor Girty to the Upper Carboniferous and not to the Permian, as has 
been done with other collections from this locality by previous investiga- 


27. B. Meek: Remarks on the geology of the valley of the Mackenzie river, with fig- 
ures and descriptions of fossils from that region, in the Museum of the Smithsonian 
Institution, chiefly collected by the late Robert Kennicott, Hsq. Transactions of the 
Chicago Academy of Science, vol. i, 1869, pp. 61-114, pls. xi-xy. 

J. F. Whiteaves: The fossils of the Devonian rocks of the Mackenzie River basin. 
Contributions to Canadian Paleontology, yols. i and iii, 1891, pp. 197-2538, pls. 27-32. 
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tors. It will be shown that a small fauna collected from the highest bed 
in this Upper Carboniferous has certain affiliations with the Mesozoic, 
which would go to show that the Carboniferous section of the Yukon is 
complete from the Devonian to the Mesozoic. 

The lower of the two well defined formations, for which the name 
“Calico Bluff” is proposed, embraces about 900 feet of black and gray 
shales, with some slate and numerous interpolated thin beds of limestone. 
The whole formation carries an abundant fauna, assigned to the Missis- 
sippian by Dr George H. Girty. Its typical exposure is at Calico bluff, 
on the Yukon, about 15 miles below Eagle (see map, figure 2). The 
Calico Bluff formation is separated by an unconformity from the suc- 
ceeding formation, here called the “Nation River.” There can be little 
doubt of this unconformable relation, though no complete section was 
found showing both. The relations are inferred from the apparently 
abrupt change in character of sediments to fine limestone from coarse 
fragmental material. It is not improbable, however, that detailed map- 


ping may reveal a considerable thickness of strata lyimg between Calico — | 


bluff and Nation river, as here described. Whether such strata, if found, 
should be included in one or the other of these formations, or be mapped 
as a distinct stratigraphic unit, must be left to the future to determine. 

As shown by the detailed section on a preceding page, the physical 
changes involved in the transition from Devonian to Carboniferous sedi- 
mentation embraced a continuation of the deposition of shale-producing 
sediments interrupted at intervals by periods of limestone deposition. 
The Carboniferous fauna seems to have made its first appearance in the 
region with the advent of limestone-forming conditions, during the tem- 
porary cessation of the deposition of black shale sediments. The regular 
and frequent alternations of closely folded, light colored limestone and 
dark shale, which characterize the Carboniferous portion of the nearly 
vertical face of Calico bluff, give it an unusual and striking appearance, 
as seen from the river (see plates 18 and 19). 

The Carboniferous fossils obtained here were submitted to Dr George 
H. Girty, who reports the following species from bed 97 of the section 
(see page 288), which is the lowest bed holding Carboniferous fossils : 


Fossils from Bed 9j Calico Bluff 


Fenestella sp. Productus aff. biseriatus Hall. 
Polypora sp. Productus sp. 

Cystodictya@ sp. Spirifer aff. bisulcatus Sowerby. 
Stenopora ? sp. Spirifer aff. keokuk Hall. 
Rhombopora sp. Spirifer sp. 


Derby ? sp. ; Reticularia aff. setigera Hall. 
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UPPER END OF CALICO BLUFF, YUKON RIVER 


Photograph by C. L. Andrews 


Showing Calico Bluff limestones and shales. 
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Chonetes aff. choctawensis Girty. Martinia ? sp. 
Productus aff. cherokeeensis Drake. Leiorhynchus sp. 
Productus aff. inflatus McChesney. Aviculipecten sp. 
Productus aff. ? hirsutiformis Wal- Myalina sp. 
cott. Macrodon att. carbonarius Cox. 
Productus aff. punctatus Martin. Bellerophon sp. 
Productus aff. setiger Hall. Phillipsia sp. 


From the black shale above this fauna, in division / of the section, a 
small fauna was secured containing three species, reported by Girty as 
follows: 


Leiorhynchus aff. mesicostale Hall. Orthoceras sp. 
Goniatites undet. 


The Letorhynchus of this fauna is a recurrence of the species found in 
bed g of the section, which is referred to the Devonian. It is charac- 
teristic of some of the species of this genus in the New York Devonian 
to be associated with black shales at various horizons in a section, while 
they are entirely absent from the intervening sediments. 

The following species have been recognized from the several beds from 
j to n of the Calico Bluff section by Doctor Girty which were not included 

in the fauna of division 7. 


Fossils from Beds 9j to 9n, Calico Bluff 


Zaphrentis sp. Productus aff. cherokeeensis Drake. 
Archeocidaris sp. Productus aff. cora D’Orbigny. 
Fenestella sp. Productus 2 spp. 
Pinnatopora sp. Spirifer aff. bisulcatus Sowerby. 
Polypora sp. Spirifer aff. keokuk Hall. 
Rhombopora sp. Reticularia aff. setigera Hall. 
Cystodicty@ sp. Ambocelia ? sp. 
Stenopora sp. Camarotechia ? sp. 
Stenopora ? sp. Camarophoria sp. 
Schizophoria sp. Aviculipecten sp. 
Chonetes sp. Macrodon n. sp. 
Chonetes aff. choctawensis Girty. Pleorophorus aff. subcostatus Meek 
Productus aff. biseriatus Hall. and Worthen. 
Productus aff. semireticulatus Martin. Pleorophorus sp. 
Productus aff. hirsutiformis Walcott. Chiton sp. 
Productus aff. parvus Meek and Trachydomia ? sp. 

Worthen. Pleurotomaria 3 spp. 


Doctor Girty makes the following statements** regarding the horizon 
represented by the Carboniferous of Calico bluff and other sections repre- 
senting a similar horizon: 


3 Manuscript report to the writers. 
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“T have been unable to trace the affinity of this fauna with a member of the 
Russian section, but presumably it is somewhere near the age of the Productus 
giganteus zone, in which case a gap of considerable extent separates this from 
the Upper Carboniferous fauna described below. The fauna of the Calico 
Bluff section appears to be related to that of the upper part of the Mississip- 
pian section as developed to the south and west of the typical area. I refer to 
the Spring Creek limestone and Marshall shale of Arkansas and the Caney 
shale of Indian Territory (and probably the Eureka shale of Nevada), which 
from ayailable data appear to represent the upper portion of the typical Missis- 
sippian section. This relationship of the Alaskan fauna I believe to be a real 
and not a fancied one, and while belonging distinctly with the faunas just 
mentioned, rather than with the typical Osage and Kinderhook, it would at 
present be unsafe to say that these localities represent the upper Mississippian 
alone.” 


Since the preceding observations of Doctor Girty indicate that the near- 
est faunal equivalents of the Calico Bluff fauna in the United States are 
representatives of the upper portion of the Mississippian section, it 
should be pointed out that all of the available stratigraphic evidence indi- 
cates that it is the earliest Carboniferous fauna present in the Yukon 
section. The stratigraphic evidence appears to place it somewhat lower 
than the faunal evidence and to indicate that it represents both the upper 
and the lower portions of the Mississippian section. 

A section about 2 miles above the mouth of Seventymile river, on the 
opposite bank of the Yukon, exposes the Carboniferous series seen at 
Calico bluff and some higher beds which show the Lower Carboniferous 
shales terminated by a coarse conglomerate which, with some mterbedded 
shales, is about 200 feet thick. This conglomerate may represent the 
base of the Nation River series. The limestones and shales here show 
about the same association of species as in the Calico Bluff section. 

The Nation River series includes about 3,700 feet of gray clay shales, 
with some clay slates interpolated with heavy beds of conglomerate and 
some sandstone. It is typically exposed along Nation river, where it 
includes some smal] seams of bituminous coal. The limits of this forma- 
tion are well defined. The base is believed to be marked by an uncon- 
formity which separates it from the shales and limestone of the Calico 
Bluff formation. At the top it is limited by the heavy lmestone which 
previously formed the topmost member of the Carboniferous and will be 
described below. 

Two conglomerate beds are particularly striking in this formation. 
One occurs at the base and is very massive, and the second, which is not 
quite as heavy, occurs about 1,000 feet above the base. The succeeding 
thousand feet is largely made up of shales, with some fine conglomerates 
and sandstone, while the upper 500 feet of the formation is chiefly gray 
shales. Some bituminous coal beds occur in the lower part of the section. 
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The Nation River formation has yielded no fossils except a few plant 
fragments, upon which Mr David White has reported as follows: 


“This collection consists of three fragments of rock with one counterpart 
containing small fragments of carbonized wood, decorticated stems, ete. The 
plant remains bear evidence of transportation, maceration, and trituration, 
the result being that none of them are definitely determinable, even generic- 
ally. One fragment, about 1 ec. m. in length and 6 mm. in width, evidently 
represents a branch of some lepidophyte or gymnosperm. Although it is par- 
tially decorticated as the result of maceration, so that the epidermal charac- 
ters are lost, the subepidermal features of this branch so closely resemble 
those of certain Carboniferous strobiliar axes and earlier types of phyllotaxy 
that I am inclined to regard it as probably belonging to one of these Paleozoic 
forms. In fact, though constrained to emphasize the poor condition and lim- 
ited characters presented by the specimen and the consequent hazard of any 
attempt at identification, I am nevertheless disposed to regard this fragment as 
belonging to one of the Carboniferous lepidophytes. Among the latter it bears 
the closest resemblance to some of the early forms in the basal Carboniferous 
or the late Devonian.” 


The stratigraphy and the invertebrate faunas of the associated forma- 
tions strongly support the opinion that the Nation River coal is of Car- 
boniferous age. ‘The coal seam occurs near the axis of an anticline, the 
beds dipping away in opposite directions at angles of 30 to 60 degrees on 
the north and south sides of the Nation River valley. South of the river 
they pass under a massive white limestone carrying an Upper Carbon- 
iferous fauna and in which a series of open folds is developed along the 
north side of the Yukon. Considerable interest attaches to the beds at 
the Nation River coal mine, because it is the only locality in the Yukon 
basin where beds of Carboniferous age have afforded coal. 

The uppermost member of the Carboniferous is a white subcrystalline 
limestone, with a minimum thickness of at least 200 feet, which carries 
fossils assigned by Doctor Girty to the Upper Carboniferous. This ter- 
rain was first assigned to the Upper Carboniferous by Schuchert,°* and 
later placed in the Permian*® on the basis of more complete collections. 
It will be shown below that they have been correlated with the so-called 
Permian rocks of southeastern Alaska and White and Copper rivers; but, 
though Doctor Girty is inclined to accept this correlation, he believes 
that they should all be called Upper Carboniferous rather than Permian. 


% J. E. Spurr: Geology of the Yukon gold district. Eighteenth Annual Report, part 
jii, p. 170. 
% Arthur J. Collier: Coal resources of the Yukon. Bulletin no. 218, U. 8S. Geological 
Survey, p. 16. 
Alfred H. Brooks: The geography and geology of Alaska. Professional paper no. 45, 
U. S. Geological Survey, pp. 222-223. 
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It has not seemed desirable to give this limestone horizon a formation — 


name, because on the Yukon its limits were not definitely determined and, 
moreover, its type locality is probably to be sought in southeastern 
Alaska. The Upper Carboniferous limestone is typically exposed in 
some large open folds, accompanied by more or less faulting, along the 
north side of the Yukon for some 3 or 4 miles above Nation river. ‘The 
same horizon was identified about 30 miles below, on the south side of 
the river and just west of the mouth of Coal creek. Here it is exposed 
in a small area closely associated with some pyroclastic material similar 


in every way to that occurring with the Devonian rock. Were not the — 


paleontologic evidence in regard to this occurrence conclusive, this lime- 
stone would have been placed with the Devonian. The occurrence, how- 
ever, goes to prove that there was some igneous activity during late Car- 
boniferous time. It also suggests the possibility that some of the igneous 
rocks which have been mapped as Devonian may eventually prove to be- 
long to the Carboniferous. 

The fauna characterizing this highest Carboniferous limestone is shown 
in the following list of fossils determined by Doctor Girty: 


“Tot 14: Fossils from west Bank of Yukon, 14% miles above Nation River 


Zaphrentis sp. Aulosteges sp. 
Stenopora sp. Marginifera aff. splendens Norwood 
Streptorhynchus aff. S. pelargonatus and Pratten. 

Schlot. Spirifer aff. marcouwi Waagen. 
Chonetes aff. morahensis Waagen. Squanularia aff. perpleca McChesney. 
Productus aff. horrulus Sowerby. Spiriferella arctica Houghton. 
Productus aff. aagardi Toula. Cleiothyrodina 0. sp. 

Productus aff. P. porrectus Kut. ? Rhynchopora aft. nikitini Tschern. 
Productus aff. manmatus Keys. Schizodus sp. 
Productus aff. irgine Kut. © Aviculipecten sp. 

Productus aff. koninckianus Vern. Omphalotrochus sp. 


Productus sp. 
“Lot 15: Fossils from Limestone 11% miles southeast of Mouth of Nation River 


Streptorhynchus aff. S. pelargonatus Aulosteges sp. 


Schlotheim. Marginifera ? aff. splendens Norwood 
Productus aff. aagardi Toula. and Pratten. 
Productus aff. koninckianus Vern. Spiriferella arctica Houghton. 


“Lot 22: Fossils from south Bank of the Yukon below Glenn Creek 


Polypora sp. Spirifer aff. cameratus Tscherny. non 

Rhombopora sp. Morton. 

Streptorhynchus aff. pelargonatus Spiriferella aff. artiensis Stuckenberg. 
Schlotheim. Spiriferella arctica Houghton. 


Productus att. transversalis Tscherny. Squamularia aff. perpleca McChes- 
Productus aff. aagardi Toula. | ney. 


one re te ce ars a ig 


a i Rah 


CARBONIFEROUS 297 


Productus aff. koninckianus Vern. Camarophoria margaritovi Tschern. 
Productus aff. porrectus Kut. ? Aviculipecten 2 spp. 
Marginifera ? aff. splendens Norwood Fish tooth. 

and Pratten. 


“This fauna is unlike anything known in central and eastern North America, 
and appears to be rather closely allied to that of the Gschel-stufe of the Ural 
mountains. Probably the fauna of the Hueco, Weber, and Aubrey formations 
of western United States will be found more or less closely related. In Alaska 
it has been collected also in Pybus bay and on Kuiu island.” 


Lots 14 and 15 represent the limestone in its typical developmen‘, 
while the limestone which furnished lot 22 is associated with beds of 
igneous origin. The limestone, which is of Upper Carboniferous age, 
terminates the Paleozoic section in the Upper Yukon region. ‘The suc- 
ceeding strata in the section were not observed in direct superposition, 
but a series of argillites, with one or more limestone beds, is believed to 
hold this position. A collection of fossils was made in this series half a 
mile above the mouth of Nation river, from a limestone about 15 feet in 
thickness. A species of Halobia is the most abundant fossil in this col- 
lection. Dr 'T. W. Stanton refers the fauna provisionally to the Triassic. 
If this provisional determination is correct, the Upper Carboniferous 
limestone of the Yukon section is limited above by rocks of Triassic age. 

The Carboniferous rocks above described show practically no meta- 
morphism, and are in strong contrast in this respect to all the older rocks 
of the Yukon except the uppermost member of the Devonian. It is also 
noteworthy that, with the single exception of the pyroclastics found with 
the Upper Carboniferous limestone at Glenn creek, there is no evidence 
of igneous activity during the deposition of the Carboniferous sediments 
of the upper Yukon. 

The Carboniferous terrains of the upper Yukon are thrown up into a 
series of broad, open folds, but some of the formations when studied in 
detail are found to have suffered intense cross-folding, which has resolved 
itself into many minor crenulations. This is beautifully shown in the 
cliffs of Calico bluff. Here a rock face nearly 1,000 feet high exposes 
the beautifully banded slates and limestones, which are intensely crumpled 
in a direction nearly at right angles to the axis of the anticline of which 
the bluff forms a western limb. The writers are indebted to Mr C. L. 
Andrews, of Hagle, for the accompanying photograph showing these cren- 
ulations (see plates 18 and 19). 

Spurr®® included in his stratigraphic column a group of gray lime- 


J. EH. Spurr: Geology of the Yukon gold district. Eighteenth Annual Report, U. 8. 
Geological Survey, part iii, pp. 169-175. 
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stones, carbonaceous argillites, and conglomerates which he called the 
“Tahkandit series,” and assigned to the Upper Carboniferous on the basis 
of Schuchert’s determination of the fossils in the limestones. This group 
appears to comprise the three subdivisions of the Carboniferous which 
have been described above. The Tahkandit, as defined by Spurr, can 
therefore be regarded as the equivalent of the entire Carboniferous sec- 
tion of the Yukon. 

Carboniferous rocks are known to occur in many widely separated local- 
ities in Alaska besides the upper Yukon valley. In but few of these have 
the studies gone into sufficient detail to permit of a subdivision into for- 
mations. In the Porcupine basin, in southeastern Alaska, in the head- 
water region of the Copper, Tanana, and White rivers, and at cape Lis- 
burne, however, some of the details of the stratigraphic succession have 
been determined and certain correlations with the Yukon section can at 
least be suggested. 

Along the Porcupine river the Lower Carboniferous section resembles 
the Calico Bluff formation, as seen along the Yukon, in being composed 
largely of interbedded shales and limestones, but differs from it in having 
a larger percentage of drab-colored shales, which are often arenaceous and 
tough instead of fissile and black (see page 331). The presence of this 
same Lower Carboniferous horizon in the region lying northwest of the 
Porcupine is indicated by a few fragmental fossils collected by 8. J. 
Marsh® in the Endicott mountains near the Arctic divide, probably 20 or 
30 miles west of the International boundary. 

In 1899 Schrader collected some fossils from the gravels of the Chand- 
lar River basin lying west of the Porcupine, which were provisionally 
referred to the Devonian,°®* but it has since been suggested by Doctor 
Girty®® that they are of Lower Carboniferous age. 

In the same northern Alaska region there is a crystalline limestone and 
clay shale horizon, called by Schrader*®® the “Lisburne,” which has now 
found definite place in the Lower Carboniferous’, though first placed in 
the Devonian. In the Anaktuvuk valley there is a conglomerate and 
quartzite series, called by Schrader’? the “Stuver formation,” lying be- 
neath the Lisburne unconformably, which may be either Carboniferous 


®7 The writers are indebted to Mr Marsh not only for these fossils, but also for notes 
on the geology and maps of the region explored by him. 

981", C. Schrader: A reconnaissance in the Chandlar and Koyukuk basins. Twenty- 
first Annual Report, U. S. Geological Survey, part ii, p. 476. 

99 Bulletin no. 278, U. S. Geological Survey, p. 26. 

10 F. C. Schrader: A reconnaissance in northern Alaska. Professional paper no. 20, 
pp. 67-72. : 

101 Alfred H. Brooks: Professional paper no. 45, pp. 223-225. 

2 Opus cited, pp. 60-62. 
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or Devonian. The Stuver formation closely resembles the Nation river, 
and as his determination of its stratigraphic relation to the Lisburne 
rests on rather incomplete evidence, there being profound faulting in this 
area, it is at least possible that the Stuver is younger and the equivalent 
ot the Nation River formation. Such an interpretation would show a 
strong similarity between the Carboniferous section of the Yukon and 
the Anaktuvuk. It should be noted that Schrader reported the presence 
of Lower Carboniferous rocks in the Anaktuvuk basin other than the 
Lisburne formation. This statement was based on the evidence of fossils 
referred to the Carboniferous found in stream gravels and believed to be 
derived from some member of the Ficket series.1°° On the basis of this, 
the entire Ficket series, comprising some 8,000 to 10,000 feet of very 
heterogeneous rocks, was provisionally assigned to the Carboniferous. 
As no similar development of Carboniferous rocks is known in any other 
part of Alaska, it seems probable that they are not all Carboniferous. 

At cape Lisburne, the type locality of the formation of the same name, 
Colhier’®* found some 4,500 feet of sediments making up the Lisburne 
series and carrying Lower Carboniferous fossils. Three formations are 
recognizable in this series, as follows: A lower, made up of 500 feet of 
thin-bedded argillites and limestones, with several coal beds; a middle, 
including about 1,000 feet of clay shales, slates, cherts, and limestones ; 
and an upper, consisting of 3,000 feet of massive limestone and cherts. 
Though detailed correlations can not now be made, it seems reasonable to 
suppose that the Lisburne is in a general way equivalent to the Calico 
bluff, which would indicate a thickening of the lowest member of the 
Carboniferous rocks to the westward. 

Crystalline limestones interbedded with black phyllites occur on the 
eastern slope of cape Mountain at cape Prince of Wales, which were first 
regarded as pre-Ordoyvician,’® but, on the evidence furnished by some 
fossil fragments found by Collier in 1903 and 1904, Doctor Girty has 
assigned the horizon to the Carboniferous and states that it is probably 
Lower Carboniferous.1°° This locality is of interest from the standpoint 
of dynamic history because it is the only one in Alaska where Carbonifer- 
ous rocks have been recognized which have suffered any considerable 
metamorphism. 


03%. C. Schrader: A reconnaissance in northern Alaska. Professional paper no. 20, 
U. S. Geological Survey, pp. 70-71. 

14 Arthur J. Collier: Geology and coal resources of the Cape Lisburne region. Bulle- 
tin no. 278, U. S. Geological Survey, pp. 16-27. 

105 Alfred H. Brooks: Reconnaissance in Cape Nome and adjacent gold fields, Seward 
peninsula. Special publication, U. S. Geological Survey, 1901, p. 28. 

106 Arthur J. Collier, Frank L. Hess, P. S§. Smith, and Alfred H. Brooks: The gold 
placers of parts of the Seward peninsula. Bulletin no. 328, U. S. Geological Survey, 
p. 81. 
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The Rampart region has yielded some Upper Carboniferous fossils, 
found in a gray and black argillaceous and siliceous slate by Prindle.1°* 
These rocks have been but little studied and their relation to the Devonian 
is not known. Lithologically they do not appear to resemble either the 
Nation river or the younger Carboniferous of the upper river. Spurr*®® 
described some limestones and carbonaceous argillites which oceur on the 
Yukon 20 miles below the mouth of Minook creek, and on the basis of 
some fragmentary fossil plants assigned them to the Tahkandit. 

A heavy conglomerate and argillite series in the White River region,’ 
termed the Willesley formation, was provisionally assigned to the Carbon- 
iferous or Devonian on the basis of a few invertebrate fossils. It seems 
quite possible that this may be a synchronous deposit with the Nation 
River. 

In the Upper Copper River basin Mendenhall**® found a series of con- 
glomerates, quartzites, and tuffs which he termed the Chisna formation 
and provisionally correlated with the Willesley. A heavy conglomerate 
also occurs along the western foot of the Alaska range, and this, too, may 
be Carboniferous. 

If these conglomerates are synchronous deposits, they probably repre- 
sent a far-reaching period of erosion. In the Copper-White River region 
it appears to be the oldest recognizable Paleozoic, resting immediately on 
the metamorphic rocks. If it proves to be Nation River, it indicates that 
the Calico Bluff, the Devonian, and possibly Silurian rocks were removed 
by erosion before its deposition in this region. 

Upper Carboniferous terrains find an extensive development in the 
Copper-White River area where the Mankomen formation has been de- 
scribed by Mendenhall.4* This includes 6,000 to 7,000 feet of sand- 
stones, shales, and limestones, with much igneous material. These rocks, 
referred to the Permian, would here be classed as Upper Carboniferous 
and can be correlated provisionally with the highest Carboniferous horizon 
of the Yukon. The Yukon rocks include, however, only deep-sea sedi- 


ments, while the rocks described carry a large amount of clastic as well as 


igneous material. If, then, these terrains are synchronous deposits, the 


107 T,, M. Prindle: The Fairbanks and Rampart quadrangles. Bulletin no. 337, U. 8. 
Geological Survey. (In print.) 

108 J. E. Spurr: Wighteenth Annual Report, U. S. Geological Survey, part iii, pp. 171- 
al7PX, 

109 Alfred H. Brooks: A reconnaissance in the White and Tanana River basins. Twen- 
tieth Annual Report, U. S. Geological Survey, part vii, pp. 471-472. 

10 Walter C. Mendenhall: Geology of the central Copper River region, Alaska. Pro- 
fessional paper no. 41, U. S. Geological Survey, pp. 33-36. 

141 Walter C. Mendenhall: The geology of the central Copper River region, Alaska, 
Professional paper no. 41, U, S, Geological Survey, pp. 40-52, 
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physical conditions in these two adjacent provinces must have been very 
different. It should also be noted that the entire Yukon Upper Carbon- 
iferous includes only a few hundred feet of strata, while the supposed 
equivalent terrains in the Copper River are over 6,000 feet in thickness. 

East of the area occupied by the Mankomen and in the Tanana and 
White River basins some limestones carrying Upper Carboniferous fossils 
have been found. Schrader’’? has divided these into two divisions—a 
lower, which he called the Suslota formation, and an upper, which he 
called the Nabesna formation. The latter has been traced eastward into 
the White River basin, where they are conformably overlaid by Triassic 
argillites.11* 

The Canadian geologists Keele and Camsell report a limestone between 
the Stewart and Peele rivers, nearly east of the Nation River localities, 
which, judging from the lithological description given by them, is prob- 
ably the eastern extension of the upper limestone member of the Yukon 
Carboniferous section. This horizon is described as a “massive granular 
limestone containing fossils,”1** but no collection appears to have been 
made. Keele refers this limestone to the Upper Paleozoic, and states 
that “it is a mass of white bedded crystalline limestone forming the 
greater portion of a mountain group.”** 

Carboniferous fossils were first reported from northern British Colum- 
bia by Dawson?** in a siliceous crystalline limestone series which occurs 
on Tagish lake. Dawson correlated this limestone with the Cache Creek 
series, both because of lithologic similarity and because of the presence of 
Fusulina.1*7 As in a later report Dawson'}® shows that in its typical 
development the Cache Creek includes 10,000 and possibly 15,000 feet of 
strata and may embrace some Devonian rocks, it is evident that no de- 
tailed correlation with the Yukon section can be made. Later investiga- 
tors in this field have followed Dawson in correlations. Gwillim,**® who 


12 W. C. Mendenhall and F. C. Schrader: The mineral resources of the Wrangell dis- 
_ trict. Professional paper no. 15, U. S. Geological Survey, pp. 46-47. 

113 Alfred H. Brooks: A reconnaissance from Pyramid harbor to Hagle City. Twenty- 
first Annual Report, U. S. Geological Survey, part ii, p. 359. 

14 Canadian Geological Survey, vol. 16, part CC, 1906, p. 16. 

15 Tbid., part C, p. 14. 

118 George M. Dawson: Report on an exploration in the Yukon district, Northwest 
Territory. Geological Survey of Canada, Annual Report, 1887, part B, pp. 170B-171B. 

117 In a footnote Dawson says (opus cited, p..171B) : “No critical examination of these 
fossils has yet been made, but they appear referable to Fusulina robusta (Meek), found 
in California.” 

48 George M. Dawson: Report on the Kamaloop map sheet, British Columbia. Annual 
Report of the Geological Survey of Canada, new series, vol. vii, 1894, p. 46B. 

m9 J. C. Gwillim: Report on the Atlin mining district, British Columbia. Annual Re- 
port of the Geological Survey of Canada, vol. xii, 1899, pp. 15B-20B. 
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has mapped an area lying southeast of Tagish lake, presents the following 
succession of Paleozoic rocks: 


Greenstone, magnetite, serpentine, peridotite, and actinolite slates (in part 
Mesozoic). ; 

Crystalline limestone, probably Carboniferous, cherty quartzite, black slate, 
biotite slate, and limestone. 

Quartzite, hornblende and chloritic schists, and crystalline limestone. 


Of these subdivisions he appears to regard the two middle ones as 
equivalents of Dawson’s Cache Creek series. 

In the hope of obtaining more data on the age of this limestone, Mr 
Kindle visited the Dawson locality on Windy arm of Tagish lake. A dil- 
gent search in the limestone yielded, however, only a few fragmentary 
fossils, on which Doctor Girty reported as follows: 

“The only fossils obtained at this point are the following: Round ecrinoid 


stems; a small simple terebratuloid having much the shape of Dielasma for- 
mosum Hall, but of a type common to many horizons; a fragment of a large 


complanately coiled shell, not showing septa, but probably a nautiloid rather 


than an ammonoid; a fragment of a small chambered shell, not showing the 
suture line, which, as the septa are seen in the weathered section to be folded, 
is probably an ammonoid. 

“This fauna may be Carboniferous, but the evidence is too imperfect for 
satisfactory determination. If Carboniferous, the facies is distinctly different 
from the ordinary Alaskan Carboniferous fauna, which abounds in Productus 
and other brachiopods and is almost without cephalopods. In view of this 
fact and the other, that the faunal relations of the Alaskan Carboniferous are 
much more with the Russian and Asiatic sections than with those of central 
United States, this fauna contains a certain suggestion of the Artinsh, but 
this is more of a speculation than an inference.” 


It is clear that these scattered facts are not sufficiemt, in the absence of 
corroboratory paleontologic evidence, for correlating this Carboniferous 
limestone with any of the Yukon terrains, though the writers would tenta- 
tively suggest its equivalency to the Upper Carboniferous. 

In southeastern Alaska the general succession of the Carboniferous 
rocks is very well known. ‘There is, however, no definite knowledge as to 
the total thickness of the Carboniferous, owing to the absence of any 
single continuous section of the entire series. At least 3,000 feet of the 
Paleozoic rocks are known to belong to the Carboniferous, and more com- 
plete information about the middle portion of the series may double this 
thickness. The lowest division of the Carboniferous comprises about 
1,500 feet of dark, cherty, generally thin-bedded limestone, with a Lower 
Carboniferous fauna. These rocks are well exposed at Freshwater bay, on 
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| Chichagof island.2° The fauna of these limestones at Freshwater bay 
show them to be the equivalent of the Calico Bluff formation of the Yukon 
section. ‘They appear to rest on an igneous series which is probably of 
Upper Devonian age. 

The Upper Carboniferous limestone, which is about 600 feet in thick- 
ness, is exposed in the Pybus Bay section on Admiralty island. It is trun- 
cated above by a Mesozoic limestone, which is unconformable to it. A 
series of highly siliceous argillites of undetermined thickness underlies 
the Upper Carboniferous limestone at Pybus bay, of which about 800 feet 
are exposed. These include beds of various colored (chiefly black and red) 
siliceous argillites. Both the siliceous argillites and the Upper Carbon- 
iferous limestone occur on the coasts of Kupreanof and Kuiu islands, and 
are probably widely distributed in southeastern Alaska. The Upper 
Carboniferous limestone of southeastern Alaska contains a rich fauna 
which is so closely allied to that of the Upper Carboniferous limestone 
of the Yukon as to leave no question as to their equivalence. The argil- 
lite series occurring between the Upper and Lower Carboniferous lime- 
stone in southeastern Alaska should probably be correlated with the 
Nation River formation of the Yukon. No fossils are known from the 
rocks of either series, but similar relationships which they seem to sustain 
to the limestone formations of the two regions suggest their provisional 
correlation at least. 

It is evident from the foregoing that, while the threefold division of 
the Yukon Carboniferous can not be carried through the Carboniferous 
section of all the adjacent provinces, yet certain of the stratigraphic units 
are known to have a wide distribution. 

The beginning of the Carboniferous time in the inland region was 
marked by no period of erosion or dynamic disturbance, sedimentation 
being unbroken from the Devonian. There was, however, a gradual 
change from land-derived material to that of a purely calcareous charac- 
ter, which was accompanied by the appearance of a new fauna. What 
the limits of the sea in which these rocks were deposited were can not 
now be stated. It probably covered much of the present Yukon basin, 
and certainly covered southeastern Alaska. In northern and northwest- 
ern Alaska the oldest Carboniferous is also represented by a limestone 
series, but the included faunas are somewhat different from those of the 
Yukon. Calcareous sedimentation continued on the Yukon until prob- 
ably more than 1,000 feet of strata were accumulated, and then there 
appears to have been elevation above the water and erosion. The suc- 


129. M. Kindle: Notes on the Paleozoic faunas of southeastern Alaska. Journal of 
Geology, vol. 15, 1907, p. 331. 
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ceeding strata on the Yukon are made up of littoral and in part at 
least of fresh-water deposits, embracing some very coarse material and + 
aggregating nearly 3,000 feet in thickness. This same epoch of deposi- — 
tion is probably represented in the White-Copper River region and in the; 
Alaskan range, where, however, it appears to form the base of the Car- 
boniferous, indicating that, if the older limestone had ever been present | 
in this area, it was removed by erosion before the coarse sediments were — 
laid down. The same horizon appears to be represented in southeastern | 
Alaska by argillites. The third epoch of deposition is one of calcareous | 
material, and here again there was an abrupt change, this time to deep- 
sea conditions and marked by the appearance of a new fauna. This 
Upper Carboniferous sea was probably widespread. Its thickest recog- 
nized deposits are found in southeastern Alaska, but it seems quite prob- 
able that the upper limestone member of the Cache Creek series was 
deposited in it. Sedimentation may have continued unbroken into Tri- 
assic times in the Yukon district, but in southeastern Alaska a period of — 
erosion intervened between the highest Paleozoic and the lowest Mesozoic. ‘ 


MESOZOIC 


On the evidence of the small collection of fossils alluded to above, 
Mesozoic deposition in this area is believed to have begun with a Triassic 
terrain. ‘The fauna on which the provisional determination of the Trias- 
sic was made by Dr T. W. Stanton was found at but a single locality 
between the mouth of Nation river and the extensive exposures of Upper 
Carboniferous limestone above the latter on the north bank of the Yukon. 
The fossils include a species of Halobia closely allied to if not identical 
with a characteristic Triassic form. The other species of the fauna are 
either new or without stratigraphic significance. This fauna occurs in a 
limestone exposing about 15 feet at the outcrop. The limestone appar- 
ently belongs in a shale and sandstone series immediately following the 
Upper Carboniferous limestone, which is but slightly exposed where the 
collection was made. Our very limited knowledge of this terrain makes 
it impossible to offer any estimate of the thickness of the beds which 
should be assigned to it. 

The first discovery of Triassic in the Yukon basin was made by Doctor 
Hayes,”** who found Triassic fossils in some slates at the head of the 
White river during his exploration from the Yukon to the Copper river. 


41C. W. Hayes: An expedition through the Yukon district. The National Geological 
Magazine, vol. iv, 1892, p. 140, 
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Professor Alpheus Hyatt made the following statement regarding this 
find: 

“The fossils in the shale are clearly the remains of a MWonotis of a Triassic 
type allied to Monotis subcircularis Gabb—a characteristic Triassic form in 
California. This one seems to be distinct specifically, but is evidently of the 
same age.” 


These ‘Triassic rocks appear to rest conformably on Upper Carbon- 
iferous limestones. A number of later investigations in this and adja- 
cent areas have found extensive developments of ‘Triassic rocks, consisting 
chiefly of argillites and limestones.**? 

Another locality of Triassic beds in the Yukon region is one reported 
by Keele*** in the Stewart River basin. The fossils from these beds 
occur in a dark limestone associated with gray and green argillites. On 
the basis of these fossils Keele has provisionally assigned to the Triassic 
a considerable area of argillites, sandstones, grits, quartzites, and lime- 
stones. Further work will probably show that a considerable part of the 
area indicated as Triassic by Keele in the Stewart River region’** is of 
Carboniferous or Devonian age. Whatever detailed studies may show 
regarding the extent of Triassic beds in this field, it is certainly impor- 
tant to know definitely that the Triassic sea covered portions of the Yukon 
basin. 

The fauna obtained by Mr Keele in the Stewart River basin and re- 
ferred provisionally to the Triassic by Doctor Whiteaves contains two 
species “having the general appearance of Manotis subcircularis and 
Halobia lomelle.”*?° 

The only member of the Mesozoic extensively developed along the 
Yukon are the so-called Aucella beds, which may be either Jurassic or 
Lower Cretaceous, but may here for convenience be assigned to the latter 
system. These Lower Cretaceous beds form a practically continuous belt 
along the Yukon from about the mouth of Fourth of July creek to Coal 
ereek (see map, figure 2). There may be, however, some of the younger 


227t is not proposed here to summarize the knowledge regarding the occurrence of 
Triassic rocks in Alaska, except in so far as it bears miore or less directly on the stra- 
tigraphy of the Yukon basin. A summary statement will be found in the Geography and 
Geology of Alaska, Professional paper no. 45, U. S. Geological Survey, pp. 226-231. It 
is perhaps well to call attention to the fact here that since the summary was prepared 
F. H. Moffit and A. G. Maddren have found Triassic fossils in the Chitistone limestone 
in the Wrangell mountains, and C. W. Wright and W. W. Atwood have found Triassic 
fossils in southeastern Alaska. 
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Tertiary beds included within this area which were overlooked in the 
hasty examination. 


The Lower Cretaceous of the upper Yukon comprises a series of closely ;| 


folded rocks characterized by a large amount of silica. They included 
primarily siliceous slates, slaty sandstones, and quartzites, with which are 
associated some argillites and pyroclastics. One heavy bed (50-70 feet 
thick) of massive tufaceous conglomerate was observed within the Meso- 
zoic area about 5 miles below Washington creek, but may be an infolded 
older or younger terrain. The pebbles of this conglomerate, which are 
chiefly limestone, are well rounded, and some are 2 feet in diameter. 
The dominating rock type of the Lower Cretaceous is a siliceous slate or 
quartzite, sometimes interbedded with a clay slate. These rocks are ~ 
usually pyritiferous and iron-stained when weathered. Three miles 
below Washington creek there is a series of beautifully banded slates and 
quartzites. Here the brittle quartzite is broken by a series of fractures 
at right angles to bedding, while the same movement has in large measure 
been taken up in the cleavage of the slate. A quartz filling, sometimes 
carrying pyrite, is not uncommon along these fractures. In at least one 
instance it appears to be established that quartz veins cutting these Cre- 
taceous rocks are auriferous. This conclusion is not without importance 
in its bearing on the age of the mineralization which produced the aurif- 
erous deposits of the Yukon. 

These rocks in a general way strike easterly and northeasterly, but 
there are many local variations. They are usually closely folded, and no 
determination of thickness, which probably does not exceed a few thou- 
sand feet, could be made. On Washington creek they appear to rest un- 
conformably on the Devonian and in turn are unconformably overlaid by 
the Tertiary beds. Near Coal creek the Aucella-bearing beds seem to 
underlie the Upper Carboniferous limestone, which has apparently been 
thrust over them. 

Fossils were collected from three localities in this formation, which 
were reported upon by Dr T. W. Stanton as follows: 


Lot 18.—South bank of the Yukon river, 400 yards below Glen creek: 

This lot includes many fragmentary specimens and impressions of an Ino- 
ceramus, with a few imperfect specimens of Pecten, Pinna, two small speci- 
mens doubtfully referred to Aucella, and a few other small undetermined 
bivalve shells, together with very imperfect fragments of an ammonite possi- 
bly belonging to the genus Perisphinectes, or some other genus with a similar 
sculpture. The horizon of this lot is evidently either Jurassic or Lower Cre- 
taceous, but the nature of the material does not permit a discrimination be- 
tween these two periods. I judge that these fossils came from the same series 
as the Aucella mentioned below. 
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Lot 19.—North bank of Yukon river, 6 miles above Charlie village: 


This collection contains numerous specimens of Aucella cf. crassicollis Key- 
serling. This is provisionally referred to the Lower Cretaceous, although the 
possibility that it may be Jurassic should not be forgotten. 


Lot 21.—South bank of the Yukon river, 14% miles below Sams creek: 


This small lot contains two imperfect specimens of Aucella and a few small 
fragmentary imprints of Inoceramus. The horizon is probably the same as 
that of lot 19. 

The reference of these three lots of fossils provisionally to the Lower Cre- 
taceous is made with the same reservation that has so often been expressed 
when similar collections containing Aucella and only a few associated forms 
have been submitted from this and other areas in Alaska—that is, while the 
Aucella itself is indicative of probable Cretaceous age, closely related species 
are known in the Jurassic, and it may be that all of the Aucella beds of 
Alaska are Jurassic. 


These Aucella-bearing beds of the upper Yukon were included by 
Spurr’*® in his Mission Creek series, which he provisionally assigned to 
the Upper Cretaceous or Jurassic. As, however, he also included in his 
Mission Creek terrains which have since proved to be either Tertiary or 
Paleozoic, it does not appear to be advisable to perpetuate this name as a 
stratigraphic unit. ‘The same rocks have also been described by Collier,1?7 
but he did not propose any formation name, nor does it seem desirable to 
do so here, in view of the paucity of the information regarding these 
beds. Sediments of the same age are widespread in Alaska, but will not 
be discussed here. 

In 1905 Prindle**® and Hess reported the occurrence of a Cretaceous 
sandstone in the Rampart region. More recently Prindle’”®* has revisited 
this locality and found fossils assigned by Doctor Stanton to the Upper 
Cretaceous. The rock in which this fauna occurs is a black, carbonaceous, 
sandy argillite. Granitic rocks are found cutting these beds, showing a 
later intrusion of acid rocks than was previously known. Collier**® found 
Upper Cretaceous beds on the lower Yukon near Nulato, but aside from 
these this horizon is unknown in central Alaska. 


TERTIARY 
The most widely distributed formation of the Yukon basin is repre- 


126 Opus cited, pp. 175-184. 

1% Arthur J. Collier: The coal resources of the Yukon. Bulletin no. 218, U. S. Geo- 
logical Survey, pp. 16-17. 

2ST, M. Prindle and I’. L. Hess: The gold placers of the Rampart region. 3ulletin 
no. 280, U. S. Geological Survey, p. 22. 

1297, M. Prindle: Descriptions of the Fairbanks and Rampart quadrangles. Bulletin 
no. 337, U. S. Geological Survey. (In print.) 

1 Bulletin no, 218, U. S. Geological Survey, pp. 15-17. 
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sented by a series of conglomerates, argillites, and sandstone usually 
carrying more or less lignite. This formation, first described by Spurr, 
has been correlated with the coal-bearing rocks of the Kenai peninsula, 
called the Kenai formation. The correlation is based both on the litho- 
logic similarity and stratigraphic sequence and on the evidence of paleo- 
botany. As this paper treats chiefly of the Paleozoic rocks, the various 
problems connected with the distribution of the Kenai formation will not 
be here discussed. It has been shown by Collier*** and confirmed by Arthur 
Hollick that the Kenai of the lower Yukon includes not only Tertiary, 
but also some Cretaceous beds—that is, it represents an unbroken sequence 
from the Upper Cretaceous through to the Tertiary. While a similar 
sequence has not yet been established on the upper river, it is by no means 
impossible that such may exist. Dr F. H. Knowlton, who is the author- 
ity on the Kenai plant remains, assigns them to the Upper Eocene or 
Arctic Miocene, as it sometimes has been ealled, with the reservation, 
however, that in some cases they may include some Upper Cretaceous 
beds. 

The Kenai of the upper Yukon embraces rocks of rather divergent 
character. In some instances the rocks are well indurated, being made 
up of hard conglomerate, sandstones, and sandy and clayey shales or 
slates, while in others the sandstones are almost unconsolidated and the 
argillites very little indurated. This local divergence in lithologic char- 
acter sometimes makes the identification of the Kenai formation difficult 
when paleontologic evidence is lacking. The friable phase of this forma- 
tion is easily differentiated from the other conglomerate-bearing terrains, 
but the indurated conglomerates, sandstones, and shales are often very 
similar to the rocks here called the Nation River formation. It is quite 


possible, therefore, that on the accompanying map some Kenai beds may - 


be included with the Nation River, and, on the other hand, that some of 
the beds mapped as Kenai may in part belong to the Carboniferous. 
Mr Prindle, who has studied the Tertiary of the Seventymile basin, states 
that the indurated phase of the Kenai and the friable phase are there 
found close together. 

The thickness of the Kenai formation was not determined by our 
observations. It probably varies much locally, and in some instances may 
attain a thickness of several thousand feet. In others it may be meas- 
ured in hundreds of feet. 

The Kenai formation has usually been described as occurring in local 


131 Arthur J. Collier: The coal resources of the Yukon. Bulletin no. 218, U. S. Geo- 
logical Survey, p. 17. 
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basins, either of lacustrine or fluviatile origin. That described here 
appears, in part at least, to be of fluviatile origin. The distribution, as 
represented on the map (figure 2, page 278), indicates that a belt of 
the Kenai rocks runs parallel to the Yukon from Eagle to Birch creek. 
While this zone has not been traced continuously, it is sufficiently well 
known to justify the opinion that it was originally deposited as one con- 
tinuous belt. The outline of this formation, as represented on the map, 
is in part based on the observation of Prindle and on statements made by 
prospectors. The distribution, as will be seen, is very suggestive of an 
old river channel, and the lithologic character rather bears out this as- 
sumption. Moreover, the conglomerate of the Kenai on Woodchopper 
ereek and Seventymile have been found to be auriferous, which also lends 
weight to the assumption that the deposits are of fluviatile origin. 

No beds have been identified on the Yukon which are positively known 
to belong to the Pliocene or Miocene. It seems probable, however, that 
some terrace deposits may be of late Tertiary age. Such interpretation 
of the facts in hand has been made by both Spurrt*? and Collier.*** 
These beds were not studied by the writers, and will therefore not he 
described here. 


QUATERNARY 


The deposits included in the Quaternary embrace two groups: (1) the 
sand, gravels, and silts of the present drainage system, and (2) the 
eravel, sands, and silts occurring as terraces along the Yukon and its 
tributaries, which, in the absence of evidence to the contrary, can be 
assigned to the Pleistocene. ‘The scale of the map and the lack of detailed 
information have made it necessary to indicate both groups of deposits 
simply as Quaternary. 

The recent deposits need no detailed description. Along the Yukon 
they include coarse gravel, found both in the river bars and in low ter- 
races, while in the smaller tributary streams they constitute the flooring 
of the valleys. Near Circle, where the flat of the Yukon begins (see map, 
page 278), the stream deposits are chiefly fine silt, often frozen, and at 
low and medium waters standing as a bluff 10 to 20 feet above the river 
level. The gravels of the smaller streams are usually coarse, containing 
very little silt. 

The deposits here grouped as Pleistocene embrace some stream terraces 
and extend from 25 to 200 feet above the present waterlevel. Specially 


12 Geology of the Yukon gold district, pp. 196-200. 
183 The coal resources of the Yukon. Bulletin no. 218, pp. 16-18. 
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noteworthy are some high gravel deposits which lie on a well defined rock 


bench some 200 feet above the river at Calico bluff. The section of this 
deposit showed about 10 feet of coarse river gravel resting on bedrock, 
succeeded by 20 feet of fine silt. The base is about 160 feet above the 
river. The rock bench on which this deposit rests, traceable from Daw- 
son down the Yukon to Calico bluff and beyond, appears to mark an old 


valley floor. The same epoch of erosion has been noted in some of the ~ 


tributary streams, such as Fortymile, where old valley floors are found 


above the present waterlevel and probably mark the same cycle of erosion | 


as that of the high gravels (White channel) of the Klondike. 


At the mouth of several of the northern tributaries of the Yukon heavy | 
deposits of silts are found resting on a rock bench about 200 feet above — 


the river. The fact that these silts occur only along the streams whose 


sources lay in a glaciated region suggests that they are probably of glacial © 


origin. In other words, they represent the overwash deposits of a re- 
treating ice-sheet which, however, did not reach the Yukon. At the 


mouth of Sheep creek these deposits are found to have a thickness of 500 | 
to 1,000 feet. They are essentially buff-colored fine silt, with some clay — 


beds, showing very little evidence of stratification, but usually rest on a 
stratum of gravel or sand. Spurr1** has described these elevated alluvial 


deposits at some length under the name “Yukon silts,” and has suggested — 


a glacial origin for at least those of the upper river. When these deposits, 
which are found for 2,000 miles along the Yukon and Lewes rivers, are 


mapped in detail, it will undoubtedly be found that they include material |) 
of quite diverse origin. The occurrence in them at many localities of || 
vertebrate remains adds interest to the problem of the genesis of these — 
deposits. Maddren'** has recently summarized the available data bearing — 


on their distribution and origin. 
STRUCTURE 


In the foregoing pages an account of the structure of each individual 


stratigraphic unit has been presented, so far as the facts are available. It | 


is proposed to here summarize this data and to point out the larger struc- 
tures of the province. 

The general trend of the dominant structure lines has already been 
referred to and emphasis has been laid on their crescentic swing through 


the province here under discussion. Thus, in the Rampart region and — | 


134 Geology of the Yukon gold district, pp. 200-221. 
133 A. G. Maddren: Smithsonian exploration in Alaska in search of mammoth and other 
fossil remains. Smithsonian Miscellaneous Collections, vol. xlix, 1905, pp. 1-117, 
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near the mouth of the Tanana, the prevailing strikes are north 60 to 70 
degrees east. Passing eastward, the structures gradually swing, until at 
the 146th meridian they are about east and west, and from here to the 
International boundary they gradually swing to the southeast. Not only 
do the prevailing strike lines of the bedding planes conform to this gen- 
eral system, but the major joint planes also mark a crescent opening 
toward the south. The dips are varied, but the majority are steep and 
northerly. 

The structures above described are those of the Mesozoic and older 
rocks. Folding since Eocene Tertiary times has been rather local and 
not very intense, and the structures of terrains of that period of deposi- 
tion do not always conform to the above system. There is, however, a 
general parallelism between the belt of Tertiary which stretches westward 
from the International boundary and the structures of the older rocks. 
This may be explained by the fact that these rocks represent the deposits 
of a Tertiary river whose drainage lines were determined by the bedrock 
structures of the older terrains. 

The general distribution of the terrains (see map, page 265) indicates 
that pre-Ordovician metamorphic sediments are exposed along a broad 
truncated anticlinal uplift or anticlinorium. Such an interpretation was 
first suggested by Spurr, on the basis of his studies made in 1896. Within 
this broad uplift there are an infinite number of smaller folds, for the 
deformation has been exceedingly intense. In fact, so crumpled are the 
old metamorphic schists that it appears hopeless to determine their de- 
tailed structures. The Devonian and Carboniferous rocks are far less 
disturbed than the older sediments. This may be in part because they 
were not so near the axis of maximum movement, but is due largely to 
the fact that they were deposited after the earlier crustal movements 
which affected the Ordovician rocks. Northeast of the Yukon valley 
two anticlinal uplifts cross the Porcupine river, exposing rocks older than 
any of those traversed by the Yukon below the International boundary. 
These rocks along the Porcupine are but little altered, as compared with 
the older terrains to the southwest of the Yukon. 


OUTLINE OF GEOLOGIC HISTORY 


It is intended here to present in brief review the succession of geologic 
events which have affected the province under discussion. It will be 
evident from the foregoing that the fragmentary nature of the data does 
not permit of a close definition or analysis of the various epochs of depo- 
sition and earth movements which have produced the terrains here dis- 
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cussed, but attention will be directed to some of the salient features of 
the geologic history. 

It has been shown that the oldest rocks are included in a complex series 
of metamorphic sediments and intrusives. Among these sediments fine- 
grained clastic material dominates, suggesting deposition at some dis- 
tance from land. To what geologic age the sea in which these sediments 
were deposited belongs is not known. 

Reasons have been advanced in the foregoing pages for believing that 


these metamorphic rocks belong to the pre-Ordovician. In view of the © 


great thickness of Cambrian strata (40,000 feet) reported hy Dawson?** 
in the adjacent province of British Columbia, it seems fair to assume that 
these sediments may, in part at least, be of Cambrian age. In still 
greater doubt is the age of the metamorphism which converted these 
sediments into schists and crystalline limestones. There were undoubt- 
edly several periods of crustal movements during early or pre-Paleozoic 
times; the latest producing any considerable amount of metamorphism 


probably took place in late Silurian or early Devonian time. The evi- 


dence of this lies in the probable Silurian age of the intrusive gneissoid 
granites which were involved in this folding and also in the fact that 
there appears to be a sharp line of demarcation between the Middle Devo- 
nian and pre-Middle Devonian rocks. The semicrystalline character of 
the oldest metamorphic rocks may be due, as suggested above, to their 
having suffered alteration previous to the deposition of the known Paleo- 
zoics, but also may be largely due to their having been more deeply 
buried or lying closer to the axis of maximum disturbance. 

If any conclusions are warranted, on the fragmentary evidence at hand, 
as to the extension of the Ordovician sea, it will be that it covered north- 
ern British Columbia, much of the Yukon and Kuskokwim basins, and the 
Seward peninsula. Indeed, everywhere that Ordovician sediments have 
been found the usual absence of detrital material would indicate a much 
wider extent of the sea. As the Ordovician fauna of Alaska is European 
and Asiatic rather than North American, a barrier is to be expected be- 
tween this sea and the other Ordovician seas of North America. 

There is no evidence of a crustal movement intervening between the 
Ordovician and Silurian of Alaska. If, however, the fragmental rocks 
of the Rampart region prove to be Silurian, as believed, there must have 
been a very decided change in the physical conditions, suggesting a crustal 


disturbance of some magnitude. It has been shown that the Silurian — 


136 George M. Dawson: Geological record of the Rocky Mountain region in Canada.  |/ 
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sea was of wide extent, but the fragmental rocks of the Rampart region 
indicate that there was a landmass not far away. It is probable, though 
not proven, that the intrusion of the granites now preserved in part as 
augen-gneisses took place in Silurian or early Devonian times. The con- 
ditions during the earliest Devonian time, like those of the preceding 
periods, are very much in doubt. The heavy limestone and associated 
rocks of the Upper Yukon section, here assigned to the early Devonian, 
indicate deep-sea conditions; but, again, these may be of Silurian age. 
It seems probable that one of the recurrent epochs of crustal disturbances 
took place in early Devonian or late Silurian times, for all the rocks laid 
down before this period appear to fall in the metamorphic class, though 
they have suffered a varying degree of alteration. It is probable that 
this epoch was closed by an uplift followed by erosion. 

In the Yukon section proper the oldest definite stratigraphic tie-point 
is a white crystalline limestone carrying a Middle Devonian fauna, and 
this horizon appears to be widespread in Alaska, indicating that much 
of the province was submerged during this period. On the Yukon this 
was accompanied and probably succeeded by extensive extravasation of 
igneous rocks. Volcanism continued until thousands of feet of material 
had accumulated. There is some evidence that this period of igneous 
activity, though intense, was very local, and that during it normal sedi- 
mentation was going on in near-by localities. 

In any event, deposition continued unbroken from the latter part of 
the Devonian into the Carboniferous, the only change being a gradual 
lessening of land-derived material and the appearance of a new fauna. 
Deep-sea sedimentation continued for a long period, and in a sea which 
probably covered most of Alaska. A second cycle was inaugurated by an 
uplift accompanied by extensive erosion and the deposition of coarse 
elastic material, in part, probably, laid down in fresh water. The period 
of erosion was long enough in some parts of the province to remove all 
the strata down as far as the metamorphic terrains. 

The close of the Carboniferous was marked by a widespread invasion 
of a sea which probably covered all Alaska and much of the adjacent 
provinces. In the Copper River region late Carboniferous sedimentation 
was accompanied by another volcanic outburst. There is some evidence 
to suggest that in the Yukon basin there was no break in sedimentation 
between the Carboniferous and the Triassic. Jurassic rocks are unknown 
on the Yukon, and as the Lower Cretaceous rests unconformably on the 
older terrains, it is probable that they were preceded by a cycle of erosion. 
The folding of the Lower Cretaceous beds marked the close of extensive 
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crustal disturbances. Though the Tertiary beds are folded and there 
have been many orographic movements in this province since Lower Cre-_ 
taceous times, they belong to a different order of magnitude. These — 


. crustal disturbances have done little to obscure the effects of the older | 


crustal movements, which have determined the dominating structural 
features of the region. It is worthy of note that some of these later 
crustal movements were accompanied by granitic intrusions which have 


cut Upper Cretaceous beds. A discussion of the complex recent oro-— | 


graphic history of the region, with which is involved the genesis of the 
land forms, is no part of the purpose of this paper. 
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TOPOGRAPHY AND DRAINAGE 


Topographically the country traversed by the Porcupine river between 
the International boundary and the Yukon falls into two distinct prov- - 
inces. The most easterly of these includes the low mountain and hill 
country extending westward from the boundary about 100 miles. The 
Yukon flats comprise the westerly belt. 

A little more than 100 miles of the lower course of Porcupine river 
lie in the extensive alluvial plain known as the Yukon flats. Along this 


a Manuscript received by the Secretary of the Society July 4, 1908. 
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portion of the river hard rocks nowhere outcrop. The banks rise gener- 
ally 12 to 18 feet above low water and never more than a few feet above | 
high water. Entirely without topographic relief, this extensive region 
is covered with muskeag, spruce forest, and willows. The latter occupy 
the intermediate border between the swampy muskeag and the better 
drained spruce forest tracts, as well as the areas subject to river overflow. 
Numerous sloughs or side channels diverge from the river, often keeping 
independent courses for many miles before they rejoin the main stream. 
These increase in number and complexity toward the mouth of the 
stream, where it splits up into a number of separate channels, which join 
the Yukon along the western margin of a maze of islands. Three streams 
of considerable volume join the Porcupine in this flat. These are the 
Big and Little Black rivers, from the southeast, and the Salmon river, 
from the north. Each of these streams, like the Porcupine, has its source 


in a mountain region, but traverses a wide tract of the Yukon flats before — 


joining the Porcupine. Prospectors report that the first hills and bed- 
rock are encountered on the Salmon river “60 or 80 miles” from the | 
Porcupine. Notwithstanding the extreme flatness of the plain traversed _ 
by the Porcupine, it has a very decided tilt toward the west, as shown by | 
the strong current, averaging 4 or 5 miles an hour. | 

The elevated area lying to the east of the Yukon flats includes two © 
distinct mountain belts, both trending north and south. The more west- 
erly of these mountain belts lies immediately east of the Yukon flats and 
comprises a range of low mountains and hills. These have gentle slopes 
and are sparsely wooded nearly to their summits. Their maximum ele- 
vation probably does not exceed 3,000 feet. They approach the river as 
low hills. This western hill and mountain belt appears to be coextensive 
in width with the Lower Ramparts, a term used to designate the low, 
nearly continuous limestone cliffs which form the channel of the river 
for about 25 miles above the Yukon flats. A few outlying hills break up 
the eastern edge of the Yukon flats, but they are distinctly lower than 
the main range of the Lower Rampart hills. This is doubtless due in 
part to the fact that the former are composed mainly of shales and the 
latter of limestone. 

The second mountain belt lies near the International boundary. it 
appears to show somewhat stronger relief than the belt just described, but 
the maximum elevation attained near the river probably does not exceed 
3,500 feet. The highest point seen within 6 or 7 miles of the river on 
the north rises 1,640 feet above the Porcupine. This eastern mountain 
and hill belt appears to be confined to a zone of rocks in which quartzites 
predominate. These quartzites doubtless in part determine its position. 


TOPOGRAPHY AND DRAINAGE olla 


Between the eastern and western mountain belts described a topo- 
graphically distinguishable zone intervenes. This is the low, nearly 
level basin between the Upper and Lower Ramparts. This basin is 
floored by Tertiary beds and Recent silts. It is drained on the north side 
of the Porcupine by the Coleen river, from which it has been named the 
Coleen basin by Maddren.t_ The north and south extent of this basin is 
unknown, but it is probably considerable. Its east and west extent, as. 
measured along the river, is about 25 miles. This old Tertiary basin 
terminates abruptly on the east at the foot of the Upper Ramparts, where 
walls of Paleozoic rocks 200 to 300 feet high confine the river to a narrow 
gorge. On the west it extends a short distance beyond the Coleen river. 


STRUCTURE 


FOLDS 


Tt is not the intention to attempt here a complete interpretation of the 
structural features involved. They include both folding and faulting 
and are expressed by a perplexing amount of variation in strikes and 
dips which have been interpreted only in part and in reference to some 
of the more conspicuous structural features. 

The Paleozoic rocks of this region everywhere show the effects of ex- 
tensive deformation. The strike of the beds, although highly variable, 
has a general northerly and southerly trend. The very evident northerly 
and southerly trend of some of the more conspicuous topographic feat- 
ures, resulting in part from deformational agencies, confirms the opinion 
that the northerly and southerly direction of the strike extends well be- 
yond the river along which all of the direct observations on the structure 
were made. Deformation of the rocks seems to have expressed itself in 
two classes of folds, which may be distinguished as large and small, since 
they differ very considerably in magnitude. The latter are sometimes 
partially overturned, and where this has been observed the overturn is 
always toward the east, thus indicating that the pressure came from the 
west. Examples of partially overturned folds occur at the lowest out- 
crops on the river and at a point 214 miles above the mouth of Coleen 
river. The older rocks are in part concealed over a considerable area by 
Tertiary and Recent silts above the Coleen river, and by lavas in the 
Upper Ramparts, but the exposures observed suggest that the small type 
of folding predominates in the belt extending from the Coleen to Camp- 


1A. G. Maddren: Smithsonian exploration In Alaska in 1904 in search of mammoth 
and other fossil remains. Smithsonian Miscellaneous Collections, vol. xlix, 1905, p. 12. 
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bell river. Folds ranging from a few hundred yards to perhaps a mile |} 


in width occur in this region. 


Two anticlinal uplifts of the larger type occur in the region. One of ~ | 


these is coextensive in width with the Lower Ramparts; the other in- — 
cludes the beds exposed for about 7 or 8 miles below the International - 
boundary. A large number of observations in dip and strike were made 
near New Rampart House, just above the boundary. In 90 per cent of — 
these the strikes ranged between north 25 degrees west and north 45 — 
degrees west. In every case the dips observed were westerly. Westerly — 
dips continue down the river for 7 miles, ranging from 20 to 60 degrees, — 
but averaging perhaps 35 degrees. The northwesterly strike prevailing 
at the boundary sometimes swings to northeasterly. These westerly 
dips appear to belong to the western limb of an anticline having its 
~ axis east of the boundary a short distance. The reconnaissance was not ~ 
continued far enough beyond the boundary to ascertain its position. The 
beds elevated to the surface by this uplift include a large proportion of 
quartzites. These offer greater resistance to weathering than the surface — 
Paleozoic beds to the westward, which are largely shales and limestones. 
The north and south mountain belt near the boundary is consequently the 
result of the anticlinal structure just described, which has brought the 
quartzites within reach of the sculpturing agencies of erosion. 

The second anticlinal uplift of the larger type includes the limestones 
exposed in the Lower Ramparts. A belt of Silurian and Ordovician 
limestones 14 miles in width trends north and south across the Porcupine 
at the Lower Ramparts. They are flanked on both sides by rocks of 
younger age. ‘The normal dips which should characterize broad, simple 
anticlinal folds have been complicated by faults, two of which have been 
recognized, while there are doubtless others which have not been recog- 
nized. 

Applying the name of the shallow gorge through which the river crosses 
this fold, it may be called the Lower Rampart anticline. This fold finds 
topographic expression in a series of low ranges of mountains and hills 
trending north and south. 


FAULTS 


The most extensive fault which has been recognized crosses the river 
immediately below the western entrance to the Lower Ramparts. The 
plane of this fault has not been seen, but it has been recognized through 
the discordance in the succession of the faunas and its position is known 
within about 100 yards. 

On the north bank of the river, at the entrance to the Lower Ramparts, 
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bluish gray Ordovician limestone outcrops. Not more than 250 yards 
below it, on the same side of the river, Carboniferous shales outcrop. 
These continue to outcrop for 2 miles farther down the river, dipping 
to the westward. Carboniferous and Ordovician beds thus occur in adja- 
cent outcrops, the entire Devonian and Silurian series being faulted down 
out of sight. The fault is parallel with the trend of the Lower Rampart 
fold and apparently cuts its western limb. The amount of throw is rep- 
resented by the total thickness of the Devonian and Silurian. This can 
hardly be less than 4,000 feet and may be much more. The effect of a 
fault of this magnitude which parallels the principal axis of folding in 
the region on the areal distribution of the rocks is considerable. To the 
westward of it the rocks are all of Carboniferous age, while to the east- 
ward lie the Silurian and Ordovician limestones. In the Carboniferous 
rocks lying to the westward of the fault shales predominate, while mag- 
nesian limestones comprise the bulk of the formation immediately to the 
east. The marked differences which these two kinds of rock exhibit ia 
their powers of resistance to the agencies of erosion are very distinctly 
represented in the two distinct types of topography seen on the two sides 
of the fault. To the east rises abruptly the belt of hills and low moun- 
tains standing from 400 to 2,000 feet above the Porcupine. On the west 
he the Yukon flats, showing no topographic relief except for a few low 
hills generally not more than a hundred feet high near the eastern 
margin. 

A few rods to the eastward of the fault just described a small fault 
oceurs on the north side of the river. The throw of this fault is very 
small, rocks of the same formation appearing on both sides of it. Jt 
seems quite possible that a fault may determine the eastern limit of the 
Coleen basin. This basin is terminated abruptly on the east by a steep 
ridge 500 feet high at the entrance to the Upper Ramparts. The sharp 
topographic contrast between the flat plain of the Coleen basin and the 
precipitous high north and south ridge which bounds it on the east s 
very suggestive of a faultscarp. There is, however, no supplementary 
evidence of the suggested fault available. 

In the Upper Ramparts, below Salmontrout river, the Porcupine 
crosses a fault block 4 or 5 miles in width. Both physical and faunal 
evidence indicates that a fault block has been dropped down here. The 
outcrops below the Indian village half a mile show the limestones to be 
much broken up for 30 or 40 yards. Evidence of faulting is also seen 
on the south side of the river 4 miles lower down. According to Mr 
Girty’s determinations, the Carboniferous limestones adjacent to the 
Devonian beds are of Upper Carboniferous age, indicating that the Lower 
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Carboniferous series has been faulted out of sight. The downthrow 
would seem to be 1,000 feet or more. 

It might be assumed on @ priori grounds that in a region where folding 
such as has been described prevails, faults, if present, would be of the 
thrust type. Those which are known, however, are all normal faults. 
Had faulting occurred at the time of folding, the resulting faults would 
undoubtedly have been thrust faults. The normal faults which are 
present we must conclude, then, were developed either before or subse- 
quent to the folding. Their origin is believed to have been of subsequent 
date. 


STRATIGRAPHY AND FAUNAS 


PRE-ORDOVICIAN SERIES 


The oldest rocks exposed in the Porcupine River section are found in 
the vicinity of the International boundary. The distribution of these 
older beds and the later terrains is shown on the map, figure 1. This 
series is well exposed in the steep slopes and cliffs facing the river at New 
Rampart House and outcropping continuously for 6 or 7 miles below 
there. It-is composed largely of thin-bedded and very fine-grained 
quartzites, which are bedded usually in thin strata 1 to 6 inches thick. 
Intercalated with the quartzites are considerable beds of black shale and 
limestone and thin beds of dolomites. The nearly universal color of the 
quartzites is light gray or white, which gives them a strong resemblance 
to limestones. Occasional beds occur, however, which are specked with 
brown, and one 30-foot bed of dark-brown sandstone was observed in the 
river bank at New Rampart. Sulphide of iron is present in some of the 
beds, as is indicated by the accumulation of films of sulphur on protected 
rock faces. Where exposed to weathering the quartzite beds disintegrate 
to a fine white or cream-colored impalpable powder. This powder covers 
all the steep slopes where vegetation is absent, giving the appearance of 
great marl or clay beds at a little distance. 

The black shales and slates occur usually as thin carbonaceous films 
alternating with limestone bands one-half inch to 3 inches thick. The 
presence of the limestone, although it comprises the bulk of these beds, 
is not evident in the weathered exposures of steep slopes, where the in- 
tensely black shale or slate fragments are apt to conceal the light-colored, 
thin limestone strata, giving the whole the appearance of a shale or slate 
formation. Below New Rampart House 1 mile a set of these black beds 
500 or 600 feet thick is intercalated in the quartzite series. The latter 
series is well exposed in the gorge of the small stream entering the Por- 
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cupine at New Rampart House. The creek section exposes here 1,000 
feet or more of the quartzite series, which is uninterrupted by other beds. 
The sharp contrast of the exposures of the intensely black slate-limestone 
beds and the white quartzites is one of the most striking scenic features 
of the Upper Rampart gorge near the boundary. Some dolomites also 
occur in the quartzites, but they play a subordinate réle as regards their 
importance in making up the total mass of the series. 

Metamorphism is not very pronounced in this series, but the argilla- 
ceous sediments are noticeably more altered than those of the higher 
horizons. In the latter the shaly phase is found, as a rule, while in the 
former the shales have been altered to slates or slaty-like slickensided 
films where they are in very thin sheets interleaved with limestones, as 
generally happens. 

It is difficult to make any estimate of the thickness of these beds with- 
out detailed work. The prevailing westerly dip, which continues for 
about 6 miles below New Rampart House, points to a great thickness for 


the series, but the possibility of faulting and of close folding in a part of | 


the series leaves some uncertainty in regard to the actual thickness. Five 
thousand feet would seem to be a conservative estimate, and it is probable 
that a much greater thickness is represented. 

No fossils have been found in these rocks; consequently their age can 
only be stated with reference to that of the oldest paleontologically deter- 
mined beds of the section—the Ordovician. That they antedate the 
Ordovician in age is indicated by the fact that no series corresponding to 
them in lithologic features occurs in the portion of the geologic section 
lying above the Ordovician. The several main divisions of the Paleozoic 
section from the Ordovician to the Carboniferous have been recognized 
on the Porcupine by their fossils. 


ORDOVICIAN LIMESTONE 


The Ordovician limestone is the earliest horizon which has been recog- 
nized by fossils. On the geologic map it has been practicable to distin- 
guish the Ordovician and Silurian in only a portion of the area of their 
occurrence. The Ordovician as well as the Silurian probably occurs in 
the Upper Ramparts between the mouth of Rapid river and the western 
border of the series just described. No fossils have been found, however, 
in any of the horizons exposed along this portion of the river. Ordo- 
vician rocks have been positively identified only in the Lower Ramparts, 


where characteristic faunas were found at two localities. One of these ~ 


is at the lower entrance to the gorge. The second locality is some 3 miles 
above the first. The Ordovician limestone is a hard bluish gray rock, 


ORDOVICIAN ou 


with occasional oolitic bands. The beds are much checked up by joints 
and frequently the bedding is not recognizable. At one point the beds 
are much contorted and stand nearly vertical. The thickness of these 
beds may be roughly estimated at not far from 600 feet. Their strati- 
graphic relations to the Silurian beds were not determined. 

The character of the Ordovician fauna is shown by two lots of fossils 
from localities in the Lower Ramparts. 


ORDOVICIAN FAUNA 


An Ordovician fauna was found at two localities in the bluish gray 
limestones of the Lower Ramparts of the Porcupine. One of these is on 
the north bank of the river, 144 miles above the Indian village, at 
the lower end of the Ramparts. This fauna, although meager in the 
number of both species and individuals, clearly indicates an Ordovician 
horizon. Mr E. O. Ulrich recognizes the following species in the fauna: 


Lichenaria sp. undet. Cameroceras sp. undet. 
Streptelasma (Petraia) ef. profun- Gomphoceras sp. 
dum Conrad. Iilenus sp. 


Hormotoma near trentonensis U. & S. Bumastus ef. trentonensis Emmons. 
Trochonema cf. umbilicatum Hall. 
Maclurea cf. nitida U. & S. 


Mr Ulrich considers this fauna to represent a Mohawkian or Middle 
Ordovician horizon. 

Higher up the Porcupine, on the south side, about 6 miles above the 
Indian village and three-fourths of a mile below some high cliffs on the 
north side of the river, is a second occurrence of Ordovician fossils. The 
following fauna was secured : 


Clitambonites sp. Maclurina manitobensis Whitt. 
Porambonites intercedens Pander ? Maclurina subrotunda Whitt. 
Lycophoria ? sp. Asaphus ? sp. 


The second fauna, like the first, occurs in a bluish gray limestone. 
Some of the beds show an oolitic structure. In some places the original 
bedding of the limestone is obliterated by innumerable joints. At one 
point these beds stand vertical in the upper part of the cliff, and are 
variously contorted near the base. The Ordovician limestones seem to 
be generally distinguishable from the Silurian by their gray or bluish 
gray color and more magnesian character, the latter having generally a 
buff color and a high percentage of magnesia. The complication of the 
structure and the close interrelationship of the beds of the two horizons 
wrought by folding and faulting make a close estimate of the thickness 
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of either impossible. The thickness of the older series exposed, however, 
is probably not far from 600 feet. 

In the Yukon section the Ordovician does not appear, the oldest beds 
being of late Silurian age. If we may judge from the widely scattered 
localities from which it has been reported, the Ordovician fauna had a 
wide distribution in the northern part of the continent. 

Collier’s collections from the Seward peninsula indicate the presence 
in the western part of Alaska of a fauna similar to that found on the 
Porcupine. Maclurina mamnitobensis is one of the species recorded by 
Collier.” 

In the Mount McKinley region Brooks has secured fossils of Ordo- 
vician age.* Ordovician faunas are therefore known from the three 
widely separated regions of northeastern, south-central, and western 
Alaska. 

In the Arctic and sub-Arctic lands of northeastern America Ordovician 
strata have been shown by the collections secured by Schuchert,* Schei,° 
Low,® and others to have a rather wide distribution. Of these the collec- 
tion from Baffin Land studied by Schuchert is the only one which is 
complete enough to give an adequate idea of the Ordovician of the north- 
eastern portion of the continent. 


SILURIAN DOLOMITES 


The low, nearly continuous cliffs which border the Porcupine river for 
about 20 miles just above the northeastern margin of the Yukon flats are 
called the Lower Ramparts. A Tertiary basin which the Porcupine 
crosses separates these lower cliff walls of the river from another and 
much higher series of canyon-like walls known as the Upper Ramparts, 
which extend from the boundary, with some interruption, down to the 
Coleen basin. 

Buff-colored magnesian limestones comprise the greater part of the 
rocks of the Lower Ramparts. Only a rough estimate of the thickness 
of these limestones can be made. Probably 2,500 feet of these dolomites 
are exposed in the Lower Ramparts. Some black shaly beds are asso- 
ciated with them, but comprise only a small proportion of the series. 
Occasional drab magnesian shales occur and rarely a thin bed of quartzite. 


2 Professional paper no. 2, U. S. Geological Survey, 1902, p. 21. 

8 Bulletin of the U. S. Geological Survey, 1904. (In preparation.) 

4On the Lower Silurian (Trenton) fauna of Baffin Land. Proceedings of the U. S. 
National Museum, yol. 22, 1900, pp. 148-177, pls. 12-14. ( 

5 New Land: Four years in the Arctic regions, by Captain Otto Sverdrup, with geo- 
logical appendix to vol. 2 by P. Schei, 1904, pp. 457-458. 

6Mhe cruise of the Neptune. Report on the Dominion government expedition to Hud- 
son bay and the Arctic islands, by A. P. Low, Ottawa, 1906, pp. 322-336. 
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Locally considerable masses of the limestone have been altered to calcite. 
While strike and dip can generally be made out and appear to conform io 
anticlinal structure, occasionally the bedding is entirely obliterated. 


MIDDLE SILURIAN FAUNA 


The magnesian limestones of the Lower Ramparts on the Porcupine 
river are characterized by a Middle Silurian fauna closely related to the 
Niagara fauna of the central United States, as well as to the cosmopolitan 
fauna (Silurian) of Europe and Asia. The character of this fauna is 
shown by the following list of species, which were obtained from the 
north bank of the Porcupine about 5 miles above the entrance to the 
Lower Ramparts: 


Silurian Fossils from the Lower Ramparts, Porcupine River. 


Lichenaria cf. concentrica Hall. Camarotechia neglecta Hall. 
Favosites cf. favosus Goldf. Rhynchotreta cuneata Dalm. var. 
Columnaria sp. Atrypa reticularis (Linn.). 
Alveolites sp. Atrypa cf. calvini Nettleroth. 
Diphyphyllum sp. Atrypina nN. sp. 

Zaphrentis ? sp. Celospira cf. clintoni. 
Stropheodonta sp. ; Reticularia cf. proxima Kindle. 
Strophonella cf. macra M. and W. Spirifer nobilis Barr. 

Leptena rhomboidalis (Wilckens). Nucleospira pisiformis Hall. 
Leptena ct. quinquecostata McCoy. Meristina nitida Hall. 

Leptena n. sp. Meristina sp. 

Streptis greyi Davidson. Meristella ? cf. subundata McCoy. 


Dalmanella cf. elegantula (Dalman). Strophostylus sp. 
Anastrophia cf. brevirostris (Sow. ?)  Cypricardinia arata Hall. 


Hall. Cyrpicardinia n. sp. 
Stricklandinia sp. Tilenus armatus Hall. 
Pentamerus oblongus (Sow.). Spherexochus cf. romingeri Hall. 
Clorinda lingulifera (Sow.). Enerinurus sp. 

Camnarotechia cf. borealis (Schl.). Pretus, sp. 


Camarotechia sp. 


GRAPTOLITE FAUNA 


An exposure near the upper end of the Ramparts indicates the charac- 
ter of the beds near the top of the Silurian series, where shales, which are 
rare lower in the series, are conspicuous. The beds observed here are 


shown below : 
Section near wpper End of Ramparts. 


Feet 
Black shale and black to dark gray dolomitic and siliceous limestone..... 140 
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Black and gray fissile shale interbedded...........-.. +++ sees eee e eee eeee 60 


Dolomitic limestone weathering buff, mostly gray on fresh fracture...... 100 
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The upper limit of the Silurian series was not observed in the Lower 


Ramparts. It was recognized, however, 1 mile above the mouth of Sal- 
montrout river, where Devonian limestones overlie the Silurian. This 


highest bed of the Silurian series consists of fissile black shale and inter- 


bedded dark siliceous limestone. Not more than 30 feet of these beds are 
exposed. Two or three species of graptolites abound in the shale. 


This fauna, which is of somewhat later age than the fauna just de- 


scribed, occurs in a black shale at the base of the Devonian section. It 
was found 1 mile above the Indian village, at Old Rampart House, on 
the east bank of the Porcupine river. The shale, which is about 25 feet — 
thick, contains some thin bands of black siliceous limestone. About 325 
feet of Devonian limestone follows the shale in the section. Graptolites 
occur in one or two beds of the shale in abundance. Associated with 
them are a very few brachiopods. This graptolite fauna was referred to 
Mr E. O. Ulrich, who finds the state of preservation not perfect enough 
to permit of specific determination. He considers the fauna of “either 


late Niagaran or Cayugan” age, and reports the following faunal asso- 


ciation : 
Silurian Fauna, Upper Ramparts 


Monograptus sp. undet. 

Cyrtograptus sp. undet. 

Orbiculoidea. 

? Camarotechia. 

? Uncinulus. 

? Sieberella (a small species of pen- 
tameroid shell possibly of this 
genus). 


? Rafinisquina (a very small concen- 
trically wrinkled species). 

? Uneinulus. 

Spirifer cf. radiatus. 

Dalmaneila. 


Graptolites have been found at but one other locality in Alaska. In 
the Mount McKinley region Brooks and Prindle* found graptolites which 


Schuchert referred to three species : 


Climacograptus bicornus Hall. 
Climacograptus sp. undet. 


Decranograptus ef. ramosus (Hall). 


These represent a fauna much older than the Old Rampart graptolites 
which Schuchert considered to mark a horizon about equivalent to the 


Utica of the Ordovician. 


Graptolites have been reported from only two localities in the western 


part of the Dominion of Canada. 


Both of these are in British Columbia. ~ 


Neither of the genera found in the Old Rampart fauna is present in the 


8 An exploration in the Mount McKinley region. 


Survey, 1906. (In preparation.) 


Bulletin of the U. S. Geological 
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eraptolite faunas at Dease river? and Kicking Horse pass,’® British Co- 
lumbia, which are referred to the Middle Ordovician by Lapworth. 


DEVONIAN LIMESTONE 


The lowest division of the Devonian is a limestone formation about 325 
feet in thickness. It is a massive light gray to blue limestone weathering 
buff and considerably broken by joints. It rests apparently unconform- 
ably on the graptolite shales described above and is followed in the section 
by brown shale. The lower 5 feet of this shale may be seen resting 
directly on the limestone on the bank of the Salmontrout river just above 
its mouth. The total thickness of this shale is unknown, but, judging 
from the covered slope extending upward from the limestone along the 
Salmontrout river, it probably amounts to several hundred feet. Out- 
crops of the limestone described occur on both banks of the Porcupine 
immediately above the Salmontrout river, and it is proposed to call this 
formation the “‘Salmontrout limestone,” from the Salmontrout river, 
which is the nearest geographic feature having a name available for a for- 
mation name. Fossils are abundant throughout this limestone. Its strike 
and dip are concordant with that of the subjacent Silurian shale and 
limestone, and afford no evidence of deformation at the close of Silurian 
sedimentation. 

Although no angular unconformity is shown in the relations of the 
Silurian and Devonian series where observed, unconformable relations 
between the two are attested both by the lithology and the faunas. In 
passing from the Silurian to the Devonian, the lithologic change is an 
abrupt transition from black shales to very pure limestones. The faunal 
change is from a Silurian graptolite fauna to a Middle Devonian fauna, 
the Lower Devonian fauna being absent. The Devonian limestone forms 
a continuous outcropping cliff 100 to 200 feet high for 1 mile above the 
Salmontrout river, along the east bank of the Porcupine. It also out- 
crops on the opposite side of the river in isolated exposures. 


DEVONIAN FAUNA 


The fauna occurring in the Devonian limestone is indicated by the 
following list : 


® Lapworth: Note on graptolites from Dease river, British Columbia. Canadian Rec- 
ord of Science, vol. 3, 1888, pp. 141-142; Geological Magazine, third dec., vol. 6, 1889, 
pp. 30-31. 

Lapworth: Fossils of Kicking Horse pass, Science, vol. 9, 1887, p. 320. 
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Devonian Fossils obtained opposite Site of Old Rampart House 


Favosites sp. : 
Favosites cf. hemisphericus Milne- 
Edwards and Haime. 
Acervularia sp. 
Cyathophyllum — ct. 
Goldf. 
Crinoid stems. 
Crania sp. 
Stropheodonta cf. variabilis Calvin. 
Stropheodonta cf. arcuata Hall. 
Stropheodonta ef. ealvini Miller. 
Stropheodonta n. sp. 
Stropheodonta ef. armata (Parr). 
Pholidostrophia cf. iowensis (Owen). 
Leptena rhomboidalis (Linn.). 
Schuchertella chemungensis var. arc- 
tistriatus (Hall). 
Schuchertella sp. 
Dalmanella sp. 
Camarophori« = sp. 
Gypidula cf. galeatus Dalm. 
Canvarotechia sp. 
Pugnax cf. pugnus (Martin). 
Hunella sp. 
Atrypa reticularis (Linn.). 
Atrypa aspera Scholtheim. 
Atrypa ef. flabellata Goldf. 
Retzia cf. eudora var. 
(Barr.). 


quadrigeninwun 


princeps 


Nucleospira cf. concinna Hall. 
Paradzgia sp. 

Spirifer sp. 

Spirifer cf. divaricatus Hall. 
Spirifer sp. (of sp. raricosta type). 
Spirifer sp. 

Reticularia cf. franklini Meek. 
Reticularia fimbriata (Con.) var. 
Cyrtina cf. hamiltonensis Hall. 
Cyrting nD. sp. 

Cyrtia ? cf. britanicwn (Whid.). 
Anoptotheca sp. 

Actinopteria near perstrialis Hall. 
Cypricardinia indenta Conrad. 
Megambonia n. sp. 

Conocardiwm sp. 

Sigaretus ? 1. sp. 

Strophostylus sp. 

Platyceras cf. protei Oeblert. 
Platyceras cf. conicum Hall. 
Platyceras cf. thetis Hall. 
Platyostoma ef. naticoidea Roemer. - 
Aclisina sp. 

Tentaculites sp. 

Cyphaspis sp. 

Lichas ? sp. 

Pretus cf. haldmant Hall. 

Pretus cf. crassimarginatus Hall. 
Pretus cf. phocion Billings. 


The above list is submitted on an approximate and provisional deter- 
mination of the species preliminary to a full description of the fauna. It 


seems to justify the following conclusions regarding the fauna: There are 


present in it several species which are either closely allied to or identical 
with species which first appear in the better known American sections at 
a Middle or Upper Devonian horizon. Since characteristic Lower Devo- 
nian species appear to be absent from the fauna, its age seems to be 
either Middle or Upper Devonian. The list contains some species not 
known below the Upper Devonian in the United States. One of the 
best known of these is a variety of Pugnax pugnus, a species which 
ranges from the Rocky mountains to New York state and into the 
Mackenzie River district. Stropheodonta arcuata and S. calvini are also 
known to have a wide distribution in the Upper Devonian. P. pugnus 
and S. arcuata first appear in the New York section at the horizon of 
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the Ithaca fauna. Associated with these Upper Devonian forms we find 
several species characteristic of Middle Devonian horizons. Among these | 
are Pholidostrophia cf. iowensis, Cyrtina ef. hamiltonensis, Schuchertella 
chemungensis var. arctostriatus, Reticularia fimbriata, Nucleospira cf. 
concinna, and species resembling the European forms Gypidula cf. 
biplicatus and G. cf. galeatus. Two possible explanations of this asso- 
ciation of Middle and Upper Devonian species in the same fauna present 
themselves. It has been shown by Williams and Kindle that Middle 
Devonian species sometimes persist till late Devonian time and appear in 
certain New York sections associated with Upper Devonian species.1*_ It 
appears most probable, however, from what we know of the relations of 
Pugnax pugnus and its associated fauna to the Upper Devonian of New 
York, that the occurrence of Upper and Middle Devonian species in the 
same fauna at Old Rampart is not the result of late persistence of the 
earlier fauna. This species evidently migrated into the New York prov- 
ince from the northwest in Upper Devonian time. The two significant 
facts of its association with Middle Devonian fossils in an Alaskan fauna 
and its abrupt appearance in an Upper Devonian fauna in the United 
States, taken together, point very strongly to the probability that inter- 
communication between the eastern Alaska province and the interior 
American province was cut off during Middle Devonian, but became free 
about the beginning of Upper Devonian time, when conditions became 
favorable for the dispersal and migration of such forms as were adapted 
to it. Some of the species which had during Middle Devonian time been 
confined to this northern basin spread southward and helped to give a 
distinctive character to the Upper Devonian fauna as we know it in the 
United States. This appears to be the probable explanation of an associa- 
tion of species which upon casual examination seems to afford contradic- 
tory evidence as to the age of the fauna. If correct, the horizon 
represented is Middle Devonian. 


DEVONIAN SHALE AND IGNEOUS SHRIES 


The Devonian limestone outcrops on both sides of the Salmontrout 
river near its mouth. Brownish colored shales overlie the limestone here 
and extend apparently to the top of the high ridge lying to the south of 
the stream and represent a thickness of several hundred feet. No fossils 
were found in these shales, but they are supposed to represent the Upper 
Devonian. 

They are considered to be of Upper Devonian age, because their relation 


11 American Journal of Science, vol. 13, 1902, p. 429. 
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to the Devonian limestone is similar to that held by shales holding Devo- 
nian fossils along the Yukon river. Carboniferous beds replace the 
Devonian outcrops along the Porcupine about 1 mile below the Salmon- 
trout river. These seem to be of Upper Carboniferous age. Evidence of 
faulting which appears on the north bank of the river here indicates that 
the Lower Carboniferous and perhaps a portion of the Upper Devonian 
may be concealed by a fault. The horizon of the brown shale appeate 
locally to be largely occupied by beds of basalt representing old sea- 
bottom outflows during the Upper Devonian. 

The shale series which terminates the Devonian probably has a consid- 
erable thickness, though no estimate can be made from the exposures 
mentioned, because the thickness exposed to view is probably reduced by 
a fault lying to the southwest of the Salmontrout river. 

The shale horizon appears to be occupied locally by basalt flows of late 
Devonian age. A considerable thickness of such beds, which are believed 
to be of Devonian age, forms the lower end of the Upper Ramparts. This 
rock is a close-grained, dark greenish to black rock, showing bedding 
planes. These strike about north and south and dip east at about 40 
degrees for nearly half a mile above Redgate. Near the top of this 
igneous series a belt of sedimentary rocks is sandwiched into the basalts, 
showing the following beds: 


Section one-half Mile above Redgate 
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Two or 3 miles west of the Coleen river the basalts occur again. Here é 
they overlie a considerable thickness of drab and pale red shales. Black | 
shales are interbedded with the upper belt of basalt at this point. 


CARBONIFEROUS SHALES AND LIMESTONES 


The outcrops of the Devonian limestone below the Salmontrout river 
are followed immediately in the exposures of the river bank by outcrop- 
ping Carboniferous shales. As a result of faulting, however, these expo- | 
sures appear to represent an Upper Carboniferous horizon. 4 

The Lower Carboniferous is represented by a series of shales and thin 
beds of limestone, which outcrop between the lower end of the Lower 
Ramparts and the Indian village. The character of the lowest beds of 
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this section is shown by the following section, exposed on the north bank 
of the river about one-fifth of a ates below the Ramparts: 


Section one-fifth Mile below Lower Ramparts 


Feet 
f. Black shale and thin bands of sandstone GEGD ever ryan thi ee 55 
e. Dark, nearly black, tough, calcareous shale, with occasional bands of 
JDIGSINDE col covededh oh IRE OAD 50 
©) 2.008 IBSSIDS S206 ono oltcdsBE err 20 
peer Dendcd sandstone and shale... ... 6... 6. cece esos cece ceccccs, 15 + 
 F2TELET pesce doc de 0050+ botnet rr 100 ? 
| EURUE SHENG 55525200. 3602 Oeeneg ee 25 


The resemblance of this section to the Carboniferous of the Calico 
Bluff section on the Yukon river is seen in the alter nating black shale and 
limestone of e, which is the most characteristic feature of the Calico Bluff 
beds. 

The beds outcropping just above the Indian village also belong to the 
Lower Carboniferous series, as shown by their fossils, but lie a little 
above the section just given. Thin bands of limestone alternating with 
shales likewise characterize this portion of the section, as shown in the 
following described beds: 


Section just above Indian Village 
Feet 
6. Bluish gray to blackish sandy shale, drab at base and locally rather : 
ESSIUS (DD) aslo o0 So 528 ya eee er 200 + 
a. Tough, gray, sandy shales, with 6-inch bands of limestone at intervals 
DES OD WO WES coc ced Soo oO CBO ae ee ee 50 


Opposite the Indian village several hundred feet of black Carboniferous 
slates outcrop on the south bank of the river. 

Interbedded quartzites and shales characterize the Carboniferous beds 
which form the westernmost bedrock outcrops on the river. 

Upper Carboniferous horizons are represented, according to Doctor 
Girty’s determinations of the fossils, by most of the Carboniferous lime- 
stone and shales occurring east of the Lower Ramparts. The most ex- 
tensive bed of Carboniferous limestone observed occurs 4 miles above the 
Coleen or Succor river. The blue limestone beds exposed here are prob- 
ably 200 feet or more in thickness. hey are overlain by fissile black and 
tough drab shales. The whole mass is embraced in a partially overturned 
fold, which makes impossible the measurement of the thickness of the 
beds. This limestone, although classed as Upper Carboniferous, has a 
different fauna and-belongs at a somewhat lower horizon than the lime- 
stone of Nation river. 
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The Carboniferous and Devonian series have not been seen in contact 
in any of the Porcupine River exposures, so that their relations are not 
known from actual observation. They are probably conformable, how- 
ever, as they are in the Yukon River section. It is not definitely known 
by what beds the Carboniferous series are succeeded. Careful examina- 
tion of the section has failed to discover any evidence of the presence of 
beds of Mesozoic age, and they are believed to be absent. The only beds 
of Paleozoic age which have been observed in contact with the Carbon- 
iferous rocks are lavas, probably of Tertiary age, which overlie them 
unconformably. 

CARBONIFEROUS FAUNAS 


Doctor Girty’s report on the several faunules from the Porcupine 
Lower Carboniferous as developed below the Upper Ramparts is as fol- 
lows: 


“This fauna appears to be closely related to that obtained on the Yukon at 
Calico bluff, and I believe that the beds containing them may be correlated. 
This Porcupine fauna, somewhat more than the other, contains suggestions of 
the earlier faunas of the Mississippian, and it appears possible that the whole 
of Mississippian time is represented. The following lists show the species 
occurring in this group: : 


Stations between Indian Village and Lower Ramparts 


No. 28: 
Zaphrentis sp. Spirifer sp. 
Chonetes sp. Martinia sp. 
Productus aff. cora D’Orbigny. Aviculipecten sp. 
Productus aff. concentricus Hall. Euomphalus sp. 
Productus sp. Ostracoda undet. 
Spirifer aff. bisulcatus Sowerby. Griffithides ? aff. bufo Meek and 
Worthen. 
No. 28A : 
Productus n. sp. Pugnaz aff. nvissouwriensis Shumard. 
Spirifer aff. bisulcatus Sowerby. Pugnaze ? sp. 
Martinia sp. Dielasma@ sp. 
Reticularia aff. setigera Hall. 
No. 28B. 
Productus aff. setiger Hall. ? 
No. 30B: 
Zaphrentis 2 spp. Productus aff. alternatus Norwood 
Syringopora sp. . and Pratten. 
Schuchertella aff. lens White. Spirifer aff. bisulcatus Sowerby. 
Chonetes aff. illinoisensis Worthen. Rhynchonella sp. 
Productus semireticulatus Martin. Conocardium ? sp. 


Phillipsia sp. 
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No. 30F: 
Orthis ? sp. Leiorhynchus ? aff. mesicostale Hall. 
Chonetes aff. illinoisensis Worthen. Rhynchonella ? aft. ewrekensis Wal- 
Productus ? (possibly aff. P. hirsuti- cott. 

formis Walcott). Ostracoda undet. 
Station opposite Mouth of Coleen River 

No. 33: 

Fucoidal markings. Huomphalus aft. subquadratus Meek 


and Worthen. ?” 


The fossils from lots 28 to 28B are from the Indian village section 
shown on a preceding page. 

The suggestion of the presence of representatives of the early Missis- 
sippian fauna which Girty finds in the invertebrate fauna listed above is 
supported by the evidence of the fossil plants which were obtained a few 
miles below the stations represented by the preceding fauna, at the first 
rock outcrops encountered in ascending the river. Dr David White’s 
report on these plants is introduced here as bearing on the age of the 
Carboniferous rocks below the Lower Ramparts of the Porcupine: 


“The collection transmitted by Doctor Kindle contains several small frag- 
ments of a fern, Sphenopteris frigida Hr.; several pieces of a large fern rachis 
of unknown generic identity; small rootlets probably belonging to Stigmaria; 
and a single very fragmentary and obscure example of Lepidostrobus. 

“The material is insufficient for the satisfactory determination of the age of 
the beds, but if the identification of the Sphenopteris is correct, the species 
points strongly to a position in the lower part of the Lower Carboniferous, and 
probably the basal member of the Mississippian. On account of the distribu- 
tion of this fern in the Arctic region near the base of the Mississippian, it 
seems probable that the discovery of additional fossils will prove the beds to 
belong to that horizon.” 


The lithologic characteristics of the beds yielding the plant fossils is 
shown in the following section, number 27: 


Section at first Outcrops on the Porcupine above Fort Yukon 
Feet Inches 


i. Quartzite and sandstone, with some interbedded gray shales... 40 
h. Hard, bluish gray, siliceous Shale..............-.2.seeeevees 10 
wi Cae? CHETATANG: coéccacgbogoupoOUe OO 0 COUE DOOR UC On Orn oGrn 30 
i, IBilengik reno SUNY ceogacconcooe so OU One OCB OCaUMOOCmomooGod 3 He 
EAE tOMCreAMIye WiNItENTCClAYe ccc ee ccc ecco cece c nace sels a 20 
d. Sandstone ........ 5 bb 0 00 One clot o.cld0 DEO SIS OUR ance erin Ain 5 
&, leiir, weer aso TKS EAY GoooooneonoOGOd COUODULDROOOOOCOCT 1 
i. TIRE, SO Gren oaiine See oooogacopoosOoeaUe Domo coooCodon: 6 
a. Thin-bedded gray quartzite, weathering brown (base)......... 15 
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In the Upper Ramparts, some 40 miles east of the lower stations just 
described, a belt of Carboniferous rocks occurs holding a fauna which 
Girty considers to represent a later fauna than that found lower down 
the river. His report on this fauna follows: 


“This fauna, as before noted, presents a different facies from that just 
listed; but while I haye compared many of its species with the Gschelian 
fauna, it presents a decidedly different aspect from the Nation River material 
of the Yukon section which I have called Gschelian. On the paleontologic evi- 
dence I would regard this fauna, at least the characteristic lots, such as 39A, 
as Upper Carboniferous and younger than the other group of Porcupine locali- 
ties. It recalls to some extent the earlier Upper Carboniferous faunas of the 
New Mexico section, but whether a correlation would be justified upon the 
broader grounds of more extensive collections and more detailed comparisons 
I am not prepared to surmise. The lithologic and stratigraphic evidence it 
appears tends to place at about the same horizon the strata which furnished 
these two groups of collections, but at present the faunal difference seems to 
be such that the course either of uniting or of separating them should not be 
taken unreservedly. The following lists show the species discriminated in the 
collections to which these remarks apply: 


Stations in the Upper Ramparts of the Porcupine 


No. 34: 
Fenestella sp. Productus aff. punctatus Martin. 
Stenopora sp. Spirifer sp. 
Derbyda ? sp. Rhynchonella sp. 
Productus aff. gruenewaldti Krotow. Aviculipecten sp. 


Productus aff. popei Shumard. 
Productus aff. semireticulatus Martin. 


No. 35A : 
Productus aft. cora D’Orbigny. Productus aff. tartaricus Tscherny, 2 
spp. 
No. 35C: 
Clysiophyllum sp. Spirifer sp. 
Productus aff. timanicus Stuckenberg. Parallelogoceras ? sp. 
No. 36: 
Sponge. Spirifer aff. rectangulus Kut. 
Crinoidal fragments. Squamularia aff. guadalupensis Shu- 
Chonetes aff. permianus Shumard. mard. 
Productus aff. aagardi Toula (not the Ambocelia n. sp. 
same as at Nation river). Pugnax aff. rockymontanus Marcou. 
Productus aff. timanicus Stuck. Aviculipecten sp. 
Marginifera aff. wabashensis Nor- Conularia sp. 
wood and Pratten. Pleurotomaria, 2 spp. 


Euphemus aff. carbonarius Cox. 
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No. 37C: 
Cleiothyris ? sp. Pteria ? sp. 
Aviculipecten aff. rectilaterarius Cox. Ostracod undet. 
Aviculipecten aff. ewrekensis Walcott. 

No. 389A: 
Lingula sp. Productus aff. humboldti D’Orbigny. ? 
Derbya@ sp. Spirifer aff. cameratus Martin. 
Chonetes aff. platynotus White. Spirifer aff. schellwieni Tscherny. 
Productus aff. gruenewaldti Krotow. Hustedia aff. meekana Shumard. 
Productus aff. wallacei Derby. Seminula aff. mexicana Hall. 
Productus aff. cora D’Orbigny. Rhynchopora sp. 


Productus aff. Humoboldti D’Orbigny. Dielasma aff. millepunctatum Hall. 
Aviculipecten sp. 


No. 39A bis: 


Euomphalus sp. 


No. 39D: 
Zaphrentis sp. Squanularia aff. guadalupensis Shu- 
Chonetes sp. mard. 
Productus aff. aagardi Toula (same Amobocelia sp. 
as No. 36). Rhynchonella ? sp. 
Spirifer aff. rectangulus Kut. Macrodon sp. 


Pleurotomaria ? sp.” 


EXTENT OF THE CARBONIFEROUS IN NORTHERN ALASKA 


The stations which Doctor Girty reports to show an Upper Carbon- 
iferous fauna (39A and 39C) are located between the lower end of the 
Upper Ramparts of the Porcupine and the elbow of the river 1 mile 
below the mouth of the Salmontrout. Girty’s conclusion that the fauna 
is Upper Carboniferous and younger than the other Porcupine Carbon- 
iferous stations is in harmony with the observed stratigraphy. The sta- 
tions represent a practically continuous belt of Carboniferous shales and 
limestones, except where interrupted by the post-Paleozoic basalts, about 
5 miles wide along the river, which is separated from older beds on each 
side by faults. Evidence of faulting may be seen on the east side of this 
belt just below the Indian village, on the north bank of the river, and on 
the west side at the last outcrop of the Carboniferous series. The beds 
on the east side of this belt are known to be Devonian, and those on the 
west side are believed to be Devonian also. This Carboniferous series, 
according to Doctor Girty’s determinations, represents a portion of the 
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Pennsylvanian and seems to be the latest Paleozoic horizon which appears 
in the Porcupine section. 


TERTIARY BEDS 


Beds of Tertiary age occupy a broad north and south belt between the 
Lower and Upper Ramparts, except where the higher parts of the old 
eroded masses of Paleozoic rocks project up through them. The north 
and south extent of this basin, which is called the Coleen basin, after the 
river draining its northern portion, is unknown. The Porcupine traverses 
this basin in wide sweeping meanders. The migration of the channel of 
the river along parts of its course through the basin has left in places low - 
banks bordered by recent silts. The westernmost exposures of the Ter- 
tiary beds abut against Paleozoic rocks probably of Silurian age a couple 
of miles below Coleen river. The exposure here shows the following 
section : 

Section of Tertiary Beds below Coleen River 


Feet Inches | 


d. Green, loosely consolidated, lumpy clay, with numerous dissem- 


inated green and a few black shale fragments.............. e 50 
Ge GLECNE MAR sate /orers Yo eters eo ctae's aisles stele etevolere Ptaneke oe sree osieter a ietere oe os 20 
b. Lignite and interbedded dark shales....................---0-- 14 
a. Dark drab clay and shale, with abundant black shale pebbles.. 50 + 


Loose fragments of lignite from this and other similar beds may he 
seen on the river bars for 100 miles below it. The beds here dip north- 
east 20 degrees and strike north 20 degrees west. Elsewhere along the 
river the Tertiary beds are horizontal. No fossils were found below the 
Coleen river, but higher up the stream Tertiary invertebrates were found. 
These more easterly outcrops are well exposed on the largest meander in 
this portion of the river, known as the Fishhook bend, which shows con- 
tinuous bluffs for 2 or 3 miles, 40 to 100 feet high, composed mainly of 
finely laminated shale or clay. The dominant color of these beds is light 
lemon yellow, which is varied by patches of yellowish green, pink, and 
brownish. At the upper end of Fishhook bend, on the west bank of the 
river, the following section was measured: 


Fishhook Bend Section 


Feet 
e: Hine sand)-Soil-vandsmuck: \(hOp)) ki- -cverereye'e etovere ole mierciererereleralcretele eycteneieioternere 1-5 
d., Coarse gravel” and Sarid )e i. icicic cid o's sys isis = '5yo els s nieve eyeletetlele ere cioiete mio aletars 10 
c} Dark carbonaceous clay and, old forestabeds= ape eee eee ee eee 0-2 


by Coarse:gravel an@Samd) sci cteu: s/hiecs wveiereierces oralaww w atettore re otaveterotste rs etere ieteetrs 15 
a. Soft, finely laminated, drab-colored clay shale, with large ironstone con- 
cretions in upper part, containing fresh-water bivalves............. 70 
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The fossils which were secured from the ferruginous concretions occur- 
ring in division 5 of the section were referred to Dr W. H. Dall, who 
reports that “one resembles Unio onariotes Mayer from the Kenai forma- 
tion, another Anadonta athlios Mayer of the same beds, but they are 
probably not identical. The beds are probably Oligocene or Upper 
Hocene, like those of Kenai.” 

Considerable interest attaches to these fossils in connection with their 
bearing on the distribution in Tertiary times of the Naiades, a group of 
fresh-water lamellibranchs represented in the present streams and lakes 
of lower latitudes in North America by several hundred species. 

Maddren and McConnell have reported two basins similar to the 
Coleen, but larger, higher up the Porcupine a short distance east of the 
International boundary. One of these has an approximate length of 109 
miles and a width of 60 miles. No fossils were obtained by McConnell 
from these upper basins, but the description which he gives of the beds 
exposed corresponds so closely to the sections observed by the writer that 
it is highly probable that the age of the beds in the basins on the two 
sides of the boundary is the same. McConnell*? expressed a similar opin- 
ion concerning the equivalence of the beds in question, but presented no 
paleontologic evidence of the age of the beds in either of the basins which 
he described. 

LAVAS 


In the Upper Ramparts the Porcupine has cut its gorge for a consider- 
able distance through an extensive sheet of lava. This lava sheet extends 
from a point 10 miles below the International boundary nearly to the 
lower end of the Upper Ramparts as a continuous sheet, except for a 
break of about a mile below Salmontrout river. The lava beds rest on a 
highly irregular surface of Paleozoic rocks. The latter in many places 
form the lower portion of the gorge walls, while the lavas form the upper. 
Between the Rapid and Salmontrout rivers the walls of the gorge are in 
places composed entirely of lava.’ In this part of the river the lavas have 
a thickness of not less than 300 feet. The lava sheet is made up of sev- 
eral successive flows. At one point evidence of four successive flows was 
observed. Several of the successive flows were separated by intervals 
sufficiently long for the accumulation of soil and forest growth. This is 
shown by the following section, taken near the eastern margin of the 
sheet : 


2R. G. McConnell: Report on an exploration in the Yukon and Mackenzie basins, 
Northwest Territory. Canadian Geological Survey, vol. 4, new series, Report D, 1890, 
pp. 128, 132. 
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Section 5 Miles East of Campbell River 


Feet | 

. Soil and fine sand, with numerous fresh-water shells.................. 2-5 
BASATE  ..io:c iat be Haile ai gas aise o aacuetiere vale ne scene ie Pete le NEAT ROT Peter eee 10 
Forest bed, dark clay with abundance of blackened wood.............. 2 

FEM 7201 RPO ee Sane Sea Arr eae Rare t ber IE Pa ei EOL nae, he Re eG acy ae nai cieacr cuctehe 18 
Forest bed with abundance of blackened wood..................-..-+- 6 

. White sandJand very coarse 2ravels osc. as clic cs tie cncioia seereleneise eeiarere iene 20 q 
. Gray limestone (GP aleozOie) ess. jocicccscucies couse rey ceteie l= ere oer eRe re renereeeS 250 


The bed of gravel and sand in this section which separates the lavas 


from the Paleozoic series was observed at various other points in the 
same position, though apparently much thinner. It is believed that it 
represents the same horizon as the gravel bed of the Fishhook Bend sec- 
tion. If this supposition is correct, it follows that the lavas are of some- 
what later age than the fossil horizon beds of that section, probably 
Miocene. 


TOALL LINOSSIPL Ol} SSO.LOV JSVOUZTOU SULYOO] UdYV) ST MOA OT, “S[[Vel WOU Jo ysvo sojiut Z ov sSurids oy, 


VNV.LNOW ‘S11V4 LVAYD YVAN ‘SDNIYdS LNVID 


0% “1d ‘L061 ‘61 “10A “WY *900S ‘1049 “11Nd 


J 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 19, PP. 339-346, PL. 20 NOVEMBER 2, 1908 


GIANT SPRINGS AT GREAT FALLS, MONTANA?! 


BY CASSIUS A. FISHER? 


(Presented by title before the Society December 31, 1907) 


CONTENTS 


Page 
POT OAC iO NNO retraite cise ciel «aici sis s.cleit« sev dcdcdc oneecaececcon B39 
CEMOEIO TOMUIODS 5 5.05 56000 ate OD OD OOS OTe ee a 340 
ENTAOTGE OB GOW ‘co 20 cod db OO OED DODO OOO OC eee a a air 342 
CHNNTIOD, concnnoocacdeda stab OOO COO ane Ae e tee. aa 343 
CEMDOMTG oon canvases co0s 660 SOOO Ct a a 343 
SOMES OE WAS SOMES. 6 dbnobe Co OSU 6 OAR eee ee 344 

INTRODUCTION 


In the vicinity of Great Falls, Montana, there are some very large 
springs which present unique geologic features and an interesting ques- 
tion as to the source of the water. These springs, which are locally 
known as the Giant springs, are located on the south bank of Missouri 
river, about 3 miles below Great Falls. They have a very large flow of 
relatively pure water, which appears at the surface through large joint 
planes in a medium to coarse grained sandstone belonging to the Kootenai 
(Lower Cretaceous) period. For a short distance on either side of the 
main spring there are smaller springs flowing from the joint planes, and 
directly opposite it, in the bed of Missouri river, there is another large 
spring, which is only apparent during low water seasons. 

Previous workers in treating the geology of this region have made only 
brief mention of the occurrence of these springs. ‘They were first dis- 
covered in 1804 by Captain Lewis, of the Lewis and Clark expedition,* 
and in the diary of that early explorer they are described as “the largest 
fountain in the United States.” More recent observers in the field are 


1 Published by permission of the Director of the U. 8. Geological Survey. 
Manuscript received by the Secretary of the Society May 13, 1908. if 
2 Introduced by C. W. Hayes. ; 

3Lewis and Clark expedition, 1804-1806. Coues, 4 vols., 1893. 
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Nettleton,* Weed,’ Calhoun,° and others. The investigation of Nettleton 
was of a hydrographic nature, while that of Weed was mainly for the pur- 
pose of obtaining information concerning the geology of the Great Falls 
coal deposits. ‘The recent work of Calhoun deals with the general glacia- 
tion of northern Montana, including the Great Falls district. An 
interesting feature of this work is the study and tracing out of the 
modifications in the course of Missouri river caused by glaciation of the 
region. 


GEOLOGIC RELATIONS 


Great Falls is situated in a plains region about 45 miles northeast of 
the Rocky Mountain Front range. The geologic structure in this portion 
of the plains is relatively simple, the surface rocks consisting mainly of 
sandstone and sandy shale with an occasional limestone bed, all of Lower 
Cretaceous age. They lie nearly horizontal, the prevailing dips being at 
a low angle to the north, away from the mountains. The rocks upon 
close examination are found to be slightly warped into a series of shallow 
synclines and low anticlnes. This structural feature is scarcely percept- 
ible to the casual observer, being only revealed by a careful examination 
of the beds exposed along the sides of some of the larger valleys. To the 
south of Great Falls, in the vicinity of Stockett and throughout the foot- 
hill zone, the structure becomes more complex, and local folds and minor 
faults are not uncommon. 

Physiographically the region is one of high broad plateaus sloping grad- 
ually to the north, away from the mountains. These plateaus are tray- 
ersed by numerous deep and relatively narrow valleys. The region has 
been more or less glaciated, and the Cretaceous rocks comprising the 
surface are in places covered by glacial material deposited by the Keewatin 
ice-sheet, which covered a portion of this area in Wisconsin time.‘ There 
is also considerable local glaciation along the base of the Rocky mountains 
to the west. The continental glacial deposits are usually not conspicuous, 
especially on the summits of the plateaus, but in the valleys they are very 
noticeable. ‘The sequence of events in the glacial history of this region 
as first worked out by Calhoun is about as follows: The Keewatin ice- 


4H. S. Nettleton: Artesian and underflow investigation. Senate Hxecutive Document 
no. 41, part 2, pp. 74-78, 1892. 

5 W. H. Weed: Two Montana coal fields. Bulletin of the Geological Society of Amer- 
ica, vol. 3, 1892, pp. 301-330. 

6H. H. Calhoun: The Montana lobe of the Keewatin ice-sheet. U. S. Geological Sur- 
vey, Professional Paper no. 50, 1906. 

7H. H. Calhoun: Op. cit. 
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sheet extended into the region from the southeast, damming up Missouri 
river and its tributaries, forcing the former to abandon its channel in 
many places, some of which were not reoccupied on the retreat of the ice. 
The abandoned channel, a portion of which is shown on the accompanying 
map (figure 1), extends from the mouth of Sand coulee, 4 miles south of 
Great Falls, northeastward in meandering course to the mouth of Belt 
creek, where it unites with the present Missouri. Missouri river, being 
obstructed by glacial material, was diverted to the north at the mouth of 
Sand coulee, passing up Sun River valley for a short distance and then 
flowing northeastward over Cretaceous sandstone and shale, developing 
a new channel, along which there are a number of large cataracts or falls. 
Prior to this diversion, however, while the river channel was occupied by 
ice, an extensive lake existed in front of the ice-sheet, and boulders, prob- 
ably deposited by floating ice, are now found high up the plateau slopes 
to the south and west. After the ice had receded, the terminal moraine 
acted as a barrier for a lake of much smaller dimension. Sediments were 
brought into this lake by the Missouri river and its tributaries, filling all 
of the preexisting valleys of the district, and these filled valleys are a con- 
spicuous physiographic feature at the present time. The relation of the 
preglacial to the present channel of Missouri river in the vicinity of Great 
Falls is shown on the map. 


AMOUNT OF FLOW 


The fact that the water of the Giant springs issues from rocks at the 
water’s edge and in the bed of the river renders it difficult to measure 
their exact flow. In order to ascertain this amount, stream gaugings 
were taken by E. S. Nettleton’ of the total flow of Missouri river above 
and below the springs. The difference between these two measurements 
is assumed to be the quantity furnished to the river by the springs. The 
total flow of the springs thus obtained is approximately 638 cubic feet per 
second—an amount which, converted into gallons, is the equivalent of 
over 400,000,000 gallons every 24 hours—a veritable underground river. 
It is readily seen from these figures that the springs rank among the 
largest in the United States. The water boils up with considerable force, 
is clear, blue, and relatively pure. It contains no more dissolved salts 
than the average well water of the region, and differs in composition from 
Missouri River water chiefly in sulphate content, which can be accounted 
for by the large amount of gypsum in the shale of the Kootenai forma- 


*E. S. Nettleton: Op. cit., p. 77. 
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tion, through which it passes. It has a temperature of 50 degrees 
Fahrenheit. 


UTILIZATION 


_No spring deposits occur in the immediate vicinity of Giant springs. 
The water is not generally regarded as possessing therapeutic qualities. 
It is not utilized at present, but is allowed to empty into the river, ma- 
terially increasing the flow of the stream. There are, however, a few 
improvements, such as sidewalks, etcetera, which make it possible for 
tourists to view the springs from the most advantageous points. While 
no use is now made of this large volume of water, it is so situated that 
the water could be pumped if necessary to a standpipe in East Great 
Falls, from which it could be easily distributed to any part of the city. 
This, however, will probably never be done, for water for city supply can 
be more economically obtained from Missouri river, a short distance above 
the town, where the present water works are located. With the develop- 
ment of water power at the Falls of Missouri river below the Springs, 
and the growth of industrial towns which would necessarily accompany 
such development, the water of the Giant springs would afford an excel- 
lent source of domestic supply. 


CoMPOSITION 


A chemical analysis of the water was made some years ago by Pro- 
fessor James A. Dodge, of the University of Wisconsin, and a field 
analysis was made during the past field season by W. R. Calvert, of the 
United States Geological Survey. These analyses are given below: 

ANALYSES OF THE WATER OF GIANT SPRINGS, NEAR GREAT FALLS, MONTANA 

Mineral Analysis 


(Grains per gallon) 


(CASO) b6sc0st00sdo+ 60000000 DOOD ODUO SUD Gdn dO coo mInnno 14.04 
CACO cosscsu tec c6000 000 OCOD OOO DEo Ee DOMECIomOr inno 4.38 
WROD: .o6c6o0cbo000000000 0000 DODOU UE OO UC OCIDIge Ion CoIor 4.98 


WAG 5.2 sscscasb cbs cc spo SDC EO SEO E OCU OOO Onno rion .56 
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Field Analysis 


(Parts per million) 


TUL DLOUEY, fees cee see eescnk ee Wit oa eee ee ee nee eee 0 
C Oley Lap mae ne eh ete ea ree ME antinn mIICRAIG cu iis. Saco oe Gro cases 0 
LBRO Warr ee ir imrInirthiS Toei oS oa iamAtiats o Beam on Gee Rou o oh 0 
OPH cht ene Sen NG EAE TG ae G CMEC. douo od 142 
Total: War dii@ss: -.o accessions Geaste eh tore euskey erent Pepa ney enema eetoe 97.30 
Po tal alavliMithyy avers cyousteschoreye cot ee eucie Se sees te pechonesseebere hetero 339.15 
Alkaline > carbonates... cmuilictecseinintevenciiciss elke rere mere 0 
JNUEMITNES CAEN CHINOOMIAS. acocsasosccoucgonod0neueseue 339.15 
Sil pp lnates ao ons sey sess deveircns keg esouene syenone igual ice ror heLc leur aortas 250 
ClTOrIdes! vei we Wessels laos so nvlertoene sna eaeee Case a eaetene eete renare 9.96 


SOURCE OF THE SPRINGS 


The source of the Giant springs has always been a matter of consider- 
able interest to people living in the vicinity of Great Falls, and repeated 
attempts have been made to tap this water above the springs by sinking 
deep wells along its supposed underground course.’ It has been thought 
by previous observers that the water of Giant springs is of deep-seated 
origin, and that its source is far from the vent and in the neighboring 
mountains to the south and west. Such a source is improbable for the 
following reasons: First, if the water came from a great depth 1t would 
have a temperature higher than 50 degrees, and would be expected to be 
more highly mineralized than is shown by the analyses. Second, the 
geologic structure of the general region is unfavorable for such a source. 
Southwest of Great Falls the rocks dip gently to the west toward the 
mountains, instead of normally away from the uplift. The formation 
from which the water issues (the Kootenai) in its westward extension 
passes beneath a considerable thickness of impervious Colorado shales, 
and in the vicinity of the Big Belt and Lewis ranges, where a large 
_ thrust fault occurs, it is buried by many hundred feet of sediments. 

Under these conditions it is apparent that these porous beds of the 
Kootenai and strata beneath them are completely sealed off from a sur- 
face water supply which might be derived under more favorable struc- 
tural conditions from melting snow on the mountain slopes. 

South of Great Falls, between Giant springs and Little Belt moun- 
tains, the geologic and structural conditions, although different from 
those above described, are equally unfavorable for the occurrence of deep- 
seated springs anywhere in the vicinity of Great Falls. ‘The general dip 


9H. S. Nettleton: Op, cit. 
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of the rocks in this district is north, away from the mountains, toward 
the plains, but local folding of the strata and erosion on a line between 
Giant springs and high mountains to the southward exposes beds down 
to a point about 150 feet below the top of the Madison limestone, thus 
affording a vent for any water that may accumulate in the upper part of 
the Madison or in beds overlying throughout their distribution in the 
higher portions of the Little Belt mountains. While no special examina- 
tion has been made of the water capacity of the lower part of the Madison 
limestone, it is believed from a general study of the occurrence of under- 
ground waters in this district that it is not a good water bearer. 

It has been believed for some time by a few local observers that the 
water of Giant springs comes from Gibson flat, where a strong underflow 
is known, to exist. Most of these observers are of the opinion, however, 
that the original source of this water is in Little Belt mountains, and 
that it comes from that district as an underflow by way of Sand coulee 
and its various tributaries into Gibson flat, rather than down the pre- 
glacial channel of Missouri river from the present stream valley. That 
the amount of underflow in the upper part of Sand coulee and its com- 
bined branches is small and entirely inadequate to supply the Giant 
springs is shown by a test which was made of the underflow in one of the 
largest tributaries of this drainage at the town of Stockett. Here a well 
was dug in the middle of the valley by one of the coal companies, through 
alluvium to bedrock, and from the bottom of the well tunnels were exca- 
vated in either direction to the sides of the valley in order to catch the 
entire underflow. ‘The maximum capacity of this well is about 125,000 
gallons per day, while that of the Giant springs is over 400,000,000. 

From a careful study of the geologic relations in the vicinity of Great 
Falls, it is believed by the writer that the water of Giant springs is de- 
rived from the subriver bed of the Missouri, leaving that valley near the 
mouth of Sand coulee as an underflow and passing down the preglaciai 
channel of the Missouri, which is in reality up Sand coulee, into Gibson 
flat, an oxbow in the old river channel. From here, by a subterranean 
passage through porous Cretaceous sandstone and sandy shale, which dip 
in a favorable direction for its transmission, it makes its escape to the 
present Missouri river, where it appears in the form of the Giant springs 
(see plate 20). 

It is further believed by the writer that the jointing, which is here well 
developed with the major joint planes extending in a north-south direc- 
tion, is an important factor in the underground movement of the water. 
It is also possible that a fault in this vicinity further facilitates the 
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underground passage of the water, but no positive evidence of this was 
seen. Well borings in lower Sand coulee and Gibson flat demonstrate 
that the materials filling the old valley are largely coarse river sediments 
well adapted for rapid percolation of water. 

From the above it is readily seen that along the supposed undergroun‘ 
course of the water from the mouth of Sand coulee to where it appears 
at the surface as springs, the physical conditions are such as to permit the 
passage of a large volume of water, an amount believed to be equivalent 
to that furnished by the Giant springs. 
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INTRODUCTION 


It is intended in this paper to call attention to certain sides of glacial 
geology which have a bearing on the broader problems of geology in gen- 
eral, and which should receive consideration from workers in other de- 
partments of geology and in the related sciences which deal with the early 
history of the earth, such as physics and astronomy. Glacial geology 
will be construed in its widest sense, not as confined to Pleistocene phe- 
nomena, but as including glacial activity in all ages where ice has left 
widespread proofs of its work. 

It will be necessary to give a summary of the evidence showing the 
extent of glaciation at various times in the earth’s history; and the ques- 
tion of interglacial periods will be taken up briefly also. Afterward 
general conclusions will be drawn from the evidence, and these will be 
used as tests of various theories. 

Evidence of ice action on a large scale is, of course, widely available 
in regard to the Pleistocene ice age, from which the world seems to be 
just emerging and whose broad effects all geologists admit. Such evi- 


1 Manuscript received by the Secretary of the Society March 25, 1908. 
XXXIV—BoLL. Guou. Soc. Am., Vou, 19, 1907 (347 ) 
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dence is naturally harder to obtain as one goes backward in the geo- 
logical records, but a late Paleozoic (Permo-Carboniferous) ice age is 
generally accepted as proved for large parts of the world, and an early 
Cambrian ice age seems to have left its record in several widely separated 
regions. ‘There is also strong evidence, as shown in a previous paper in 
the Journal of Geology, of a Lower Huronian ice age whose effects are 
found over hundreds of thousands of square miles. These four glacial 
periods are the most important so far as known, though supposed proofs 
of ice action have been found in the Cretaceous, the Lower Carboniferous, 
the Lower Devonian, and at other horizons. In the latter cases the area 
affected seems to have been only small, and the work may have been done 
by local alpine glaciers rather than continental ice-sheets, such as left 
their mark in the four periods mentioned above. It is probable that local 
glaciers have existed on lofty mountains from the earliest ages, even when 
the lower regions had a warm climate extending toward the poles; but ice 
ages imply a much more important refrigeration, reaching low ground 
in regions now having a temperate or even a tropical climate. 


THE PLEISTOCENE GLACIAL PERIOD 


One naturally begins an account of ice ages with the last one, which 
filled most of Pleistocene time and whose ice-sheets still linger in Arctic 
and Antarctic regions and on high mountains to show us how the work 
was done. 


Briefly summing up the extent of its work, one may say that 4,000,00¢ 


square miles of North America were covered by ice-sheets, including the 
whole of Canada except the Yukon territory and most of the northeast- 
ern United States, with a southern limit of latitude 37° 30’ in the Missis- 
sippi valley. About half as much territory was ice-covered in northern 
Europe, the southern boundary being about latitude 53°, and the great 
mountain ranges of Hurope, especially the Alps, were heavily glaciated 
south of the main sheet. 

In Asia there appear to have been no great continental ice-sheets, but 
in almost all the mountain areas there were glaciers where none now 
exist, or the glaciers were far more extensive than at present. Lebanon, 
the Caucasus, the Himalayas, and the mountains of Manchuria all show 
ice-scored surfaces and moraines, even reaching down to 4,500 feet above 
the sea in latitude 26° in Bengal, and to 2,000 or 3,000 feet in the west- 
ern Himalaya. 

In Africa the Atlas mountains bore glaciers, and on the lofty peaks 
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under the equator—Kenia, Kilimanjaro, and Ruwenzori—glaciers ad- 
vanced thousands of feet lower down than at present.? 

Mount Kosciusko, in Australia, had glaciers where there are none 
now. ‘Tasmania’s tablelands were ice-clad and sent glaciers down almost 
to sealevel,* and the glaciers of the south island of New Zealand were 
much longer than at present. 

Patagonia was widely glaciated south of latitude 37°, striated rock 
surfaces, boulder clay, and erratics occurring as in North America, and 
the ice-sheet reached the sea, while the Andes to the north have even 
within the tropics old moraines 800 to 900 meters below the end of the 
present glaciers. 

From Scott’s “Voyage of the Discovery” one learns that the Antarctic 
ice-sheets are retreating, and that old moraines and striated surfaces give 
proof of former extension of the ice over shores and islands now left bare 
of snow in summer. 

It is a striking fact that the great continental ice-sheets of the north 
were very local in their arrangement, all converging about the north 
Atlantic and its prolongations into Hudson bay, Davis straits, and the 
Arctic sea north of Russia. The Cordilleran ice of British Columbia, 
which faced the north Pacific, is hardly an exception, for it consisted 
really of greatly extended mountain glaciers, confluent in the valleys, 
above which the higher summits projected. It should be compared with 
the Alpine glaciation of Europe rather than with the continental type of 
glaciation. 

In the southern hemisphere, so far as known, the whole of the Ant- 
arctic continent was ice-covered, but no other large land area was in high 
enough latitudes to permit ice-sheets to spread out on the lowlands and 
reach the sea, except in Patagonia. 

Lowland ice did not reach nearer to the tropics than about 37° of 
north and south latitude in the Pleistocene glacial period, though moun- 
tains under the equator had much more extensive glaciers than at present. 
In intensity the Pleistocene ice age seems to have been much surpassed by 
at least one of the older periods. 


Tur PreRMo-CARBONIFEROUS GLACIAL PERIOD 


The Paleozoic ice age of India, Australia, South Africa, and South 
America has been the subject of study on the first three continents for the 


2Gregory in Quarterly Journal of the Geological Society, vol. 1, 1894, pp. 327, ete. ; 
Duke of Abruzzi in Geographical Journal, vol. xxix, no. 2, p. 144. 

3 Gregory: Ibid., vol. 60, 1904, p. 52; and Australian Association for the Advancement 
of Science, vol. ix, 1902, p. 191. 
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past fifty years, and more recently on the fourth also. A very extensive 
but much scattered literature has grown up regarding it in Indian sur- 
vey memoirs and records, Australian and South African survey reports 
and transactions of societies, in the British and German geological jour- 
nals, and elsewhere; so that it is a serious labor to bring together the 
published data. References to most of the literature may be found in 
articles by Dr David White,* Professor Frech,® Doctor Noettling,® and in 
several of the reports of the Australian Association for the Advancement 
of Science.* There is also an important discussion of the subject, mainly 
from the paleontological point of view, by Doctor Koken, whicn should 
be consulted.® 

The widespread development of boulder clay, or “tillite,’ to use Pro- 
fessor Penck’s convenient term, and in many parts also of underlying 
striated surfaces, in the three continents first mentioned, are as convine- 
ing as those of the Pleistocene ice age in North America and Europe. 

In India the field geologists of the survey have found boulder con- 
glomerates at many places in the Talchir and Salt range at points 700 
or 800 miles apart, the two Blandfords and Doctor Oldham being respon- 
sible for much of the work. In 1885 Doctor Griesbach reported con- 
glomerates exactly like those of the Talchir near Herat, in Afghanistan,° 
extending the limit to a distance of 1,500 miles from the most southeast- 
erly outcrop in India. Within the Indian empire the ancient boulder 
clay occurs from latitude 25° to latitude 16° or 17°, and if Griesbach’s 
discovery is included the northward extension reaches latitude 34° or 35°. 

It may be added that the plant beds of the Gondwana associated with 
the glacial deposits found near Herat are much like beds found in Rus- 
sian Turkestan and Elburz, in Armenia, suggesting a still farther exten- 
sion to the west, and that a probably glacial conglomerate is known from 
the Urals. 

In Australia much attention has been given to the Permo-Carboniferous 
tillite, which has been traced widely in all the states of the Common- 
wealth,*° including the island of Tasmania to the south, with a range of 
latitude between 20° 30’ and 43°. Striated rock surfaces are often 
found under the old boulder clay, the directions of the scorings indicating 


4 American Geologist, vol. iii, 1889, pp. 299-330; Journal of Geology, vol. xv, 1907, pp. 
615-633. 

5 Lethea Geognostica, theil I, band ii, pp. 579, etc. 

6 Neues Jahrbuch fiir Mineralogie, band ii, 1896, pp. 61-64. 

7 Hobart: Vol. ix, 1902, pp. 191-204; also vols. vii, viii, and x. 

8 Neues Jahrbuch fiir Mineralogie, Festband, 1907, pp. 446, 545. 

® Geological Survey of India, Records, vol. xviii, p. 62. 

10 Australian Association for the Advancement of Science, vol. ix, 1902, pp. 190, etc. 
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a motion of the ice in general from south to north, as might have been 
expected; but in various places the ice sheet or sheets reached the sea, 
large boulders occurring in stratified shale, as if dropped from ice, and 
marine fossils being found in close connection with the beds containing 
boulders. 

In South Africa the Dwyka tillite has been found in all of the British 
provinces from the south of Cape Colony to the middle of the Transvaal 
or possibly the southern boundary of Rhodesia, and from Prieska, in 
Cape Colony, on the west to eastern Natal. In a direction from south- 
west to northeast the Dwyka is known to have an extension of about 800 
miles, and it probably extends considerably farther north. To the south- 
ward the Dwyka reaches nearly latitude 34°, according to Mr Rogers; 
Doctor Molengraaf puts its northern limit in latitude 26° 40’,%* but Mr 
Mellor extends it to a point 90 miles north of Johannesburg,** about lat- 
itude 24° 30’, and Mr Mennell speaks of “what is almost certainly Dwyka 
conglomerates” in the Tuli district of Rhodesia in about latitude 22°.*% 

The direction of the striations so splendidly shown in the northern 
part of Cape Colony, Natal, and the Transvaal, and of the transport of 
boulders, is southward—something quite unexpected—and the tillite 
grows thinner to the north, toward the glacial center, as the Pleistocene 
boulder clay does in northern Ontario, and thickens to the south, as in 
the northeastern United States. In the southern part of Cape Colony 
Mr Rogers estimates its thickness at 1,000 feet, while at the Kimberley 
diamond mines it is only a few feet thick. Toward the south no striated 
floor is found under the Dwyka, but the tillite passes downward and up- 
ward into stratified shale or slate, suggesting that the ice reached the sea 
and dropped its load of englacial till on the shallow bottom. Marine fos- 
sils have not been found in the shales, however, so that the deposits may 
have been formed in a huge fresh-water lake. 

The Dwyka now occurs at elevations of 3,000 to 6,000 feet at the sea, 
probably much higher than the level at which much or all of it was de- 
posited, since the southern part was laid down in the sea or great mar- 
ginal lakes which could not have been much above sealevel.** 

Judging from my own observations, the northern part of the area coy- 
ered by the great ice-sheet was not mountainous, but rather a peneplain, 
like the area covered by our Labrador ice-sheet in Pleistocene times, with 
hills and valleys, but no high ridges. 


1 Geology of the Transvaal, p. 74. 

2 Quarterly Journal of the Geological Society, vol. 61, 1905, p. 689. 

13 Science in South Africa, p. 302. 

14 See Professor Dayis’s discussion of the subject, Journal of Geology, yol. xvi, p. 81. 
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It is worthy of note that the whole area of glaciation in Africa is prob- 
ably not yet known, since the striations and directions of transport of 
blocks are all southward. It is quite likely that the center of glaciation 
was north of latitude 25° or even within the tropics, and that the ice 
flowed out in all directions, north as well as south. The reported finding 
of a glacial boulder conglomerate by Kort in Togoland suggests that de- 
cisive proofs of northward ice movements may yet be found. 

The Indian sheet also appears to have moved only in one direction, 
northward, or away from the equator, so far as one can infer from the 
transport of boulders, since striated surfaces seem rare.** Oldham notes 
that boulders in the Salt Range conglomerate are like rocks 750 miles to 
the south ;*° and this is confirmed by Koken.** 

To the three great areas of glaciation within regions now warm tem- 
perate or tropical must be added southern Brazil, where Dr Orville Derby 
and Dr I. C. White have found what they believe to be a glacial conglom- 
erate beneath coal measures.*® It is noteworthy, as shown by the paleo- 
botanist, Dr David White, and other paleontologists, that all these glacial 
beds are followed by coal seams and are accompanied by cold climate 
plants of the glossopteris or gangamopteris flora, showing that the different 
regions mentioned were glaciated in the same geological period.*® 

With such tremendous developments of ice action in the southern 
hemisphere and in India, in regions now so warm, one naturally asks, 
What occurred at this time in the rest of the world? But the records 
elsewhere are very meager. In Russia a Permian boulder conglomerate, 
with the glossopteris flora, has been found in the eastern Urals by A. 
Karpinsky, who believes it to be glacial, while Doctor Tschernyschew 
would only say that it is probably glacial.*° 

The finding of a supposed glacial deposit of similar age by Ramsay in 
England in 1855** seems to have been disputed by almost all other British 
geologists, though Oldham, fresh from the Indian region, believes that 
these boulder beds are probably glacial after all—not true boulder clay, 


1% The only mention of the direction of striae which I have found is by Medlicot and 
Blandford, Manual of Geology of India, p. 229, where the motion was northeast by north. 

16 Geology of India, p. 120. 

17 Neues Jahrbuch fiir Mineralogie, Festband, 1907. 

18 Science, vol. xxiv, no. 612, 1906, p. 377. 

19 Journal of Geology, vol. xiv, no. 2, 1907, pp. 615-633. 

20 Geological Survey of India, Records, vol. xxxi, part 3, 1904, pp. 112-113. (Trans- 
lated by Professor P. Briihl from Bulletin of Commercial Geology, tome viii, pp. 204- 
206.) 

*1 Quarterly Journal of the Geological Society, 1855, p. 185. 
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but morainic materials with scratched stones which have been reassorted 
by water, apparently kame deposits.”* 

In North America a supposed Permian moraine in Prince Edward 
island has been described and sketched by Mr F. Bain, but no striated 
stones are mentioned in his account.”* 

Dr Whitman Cross describes and shows a photograph of a boulder con- 
glomerate that strongly suggests glaciation in the Permian (?) Red beds 
of Colorado, but makes no reference to ice action in his account of the 
region.2* It might be worth examining for scratched stones. 

As in the Pleistocene, there seems to have been an impressive grouping 
of the great ice-sheets in a special quarter, this time in the neighborhood 
of the present Indian ocean; and their nearness to the equator, on low 
ground and reaching the sea, makes it all the more puzzling that so little 
evidence of glacial work should be found in higher latitudes. 


THE EARLY CAMBRIAN GLACIAL PERIOD 


Gradually proofs of an early Cambrian or late pre-Cambrian ice age 
have been accumulating, and its effects seem sufficiently widespread to be 
included in the present discussion, since they are found in various places 
both north and south of the equator. Some of the localities are within 
the Arctic circle, such as northern Norway” and Spitzbergen,* where 
glacial conditions might be expected if the earth then had its climate 
arranged in zones; but others are in parts of the world now having tem- 
perate or warm climates. Among the latter is the glacial conglomerate 
reported by Mr Bailey Willis from the Yangtzi canyon, latitude 31°, in 
China, from which beautifully glaciated stones were obtained.** 

Tillites of this age are, however, much better displayed in the southern 
hemisphere, in Australia and South Africa. The Australian Association 
for the Advancement of Science has for a number of years published 
reports of a committee appointed to examine deposits belonging to ancient 
ice ages in the different states, and in these reports there are not only 
accounts of the Permo-Carboniferous tillites, but also descriptions of sim- 
ilar rocks from the basal Cambrian. Mr Howchin has been specially suc- 


23Tbid., 1894, pp. 463 to 468. 

23 Canadian Record of Science, vol. ii, 1887, pp. 341-343. 

2% Journal of Geology, vol. xv, 1907, pp. 662-665. 

% Norges geologiska Underségelse; Det nordlige Norges Geologi, pp. 26-34, 1891; and 
Strahan in Journal of the Geological Society of London, vol. liii, 1897, pp. 137-146. 

28 Gregory: Climatic variations. Mexican Congress, p. 7. : 

7 Carnegie Institution of Washington, 1907. Research in China, vol. i, part L p. 267: 
also Chamberlin and Salisbury’s Geology, vol. ii, pp. 273-274. 
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cessful in tracing these early Paleozoic boulder clays on the Mount Lofty 
ranges in South Australia. He finds them extending 460 miles from 
north to south and 250 from east to west, with a thickness of 1,500 feet. 
Many well striated stones have been obtained from this tillite, which is 
supposed to have been formed by floating ice at sealevel.2* The general 
question of Cambrian boulder clays is discussed by Professor David also, 
who suggests that the ice reached sealevel, on the evidence of intercalated 
beds of limestone with what are probably radiolarian shells. The direc- 
tion of motion was probably from south to north, as shown by inclosed 
boulders.*® ‘The Cambrian boulder clay is found also on the west coast 
of Tasmania. No striated rock surfaces have been reported beneath the 
Cambrian tillite. - 

The South African early Cambrian or late pre-Cambrian tillite, be- 
longing to the Griquatown series in Cape Colony, has been examined by 
Mr Rogers and his assistants and is known to cover at least 1,000 square 
miles.*° Some scratched pebbles sent me by the kindness of Mr Rogers 
are typically glacial. 

The South African Cambrian tillite occurs in about latitude 29°, while 
that of Australia ranges through several degrees of latitude, from Tas- 
mania to latitude 32° or 33°, in South Australia; so that ice action 
reached considerably nearer to the equator than in the Pleistocene glacial 
period, but falls much behind the Permo-Carboniferous in this respect. 

In North America there are many instances of coarse conglomerates 
which might be glacial in the Lower Cambrian, or what is probably its 
equivalent, the Keweenawan; but, so far as my reading goes, only one 
authority has found striated stones in the boulder conglomerates. Doctor 
Bell reports boulders reaching diameters of 3 feet 8 inches, having grooves 
like glacial strie, in a conglomerate with sandy matrix belonging to the 
Keweenawan of Pointe aux Mines, near the southeast end of lake Supe- 
rior.** Messrs Lane and Seaman describe a Lower Keweenawan conglom- 
erate as containing “a wide variety of pebbles and large boulders, in struc- 
ture at times suggestive of till,’ from the south shore of lake Superior.*? 


28 Royal Society of South Australia, vol. xxx, p. 227; also American Association for 
the Advancement of Science, 1902, pp. 190-204; and Nature, December 19, 1907, p. 165. 
(Report of Geological Survey of South Australia.) : 

22 Australian Association for the Advancement of Science, 1902, pp. 199-200. 

*0 Transactions of the Geological Society of South Africa, vol. ix, 1906: The Campbell 
Rand and Griquatown series in Hay., by Rogers, pp. 8 and 9; also Transactions of the 
Australian Association for the Advancement of Science, 1906, paper 24, The Glacial 
beds in the Griquatown series; and by Schwartz, Journal of Geology, vol. xiv, no. 8, pp. 
683-691. 

*1 Geology of Canada, 1876-1877, p. 214. 

* Journal of Geology, vol. xv, no. 7, p. 688. 
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In the Australian reports previously referred to, Professor David men- 
tions that rocks of a similar character to the Cambrian tillites, and prob- 
ably of the same age, occur on Mackenzie river, in Canada, and on the 
Lena, in Siberia, but I have not been able to find descriptions of these 
boulder conglomerates. 

If the glacial beds referred to above were all formed in the same age, 
which seems probable, the early Cambrian glaciation extended to both 
hemispheres in latitudes from 29° to 70°, and, at least in Australia, 
covered thousands of square miles and reached sealevel in regions now 
having a warm temperate climate. It is interesting to note that the 
Cambrian ice age, like that of the Permo-Carboniferous, seems to have 
been most intense in the southern hemisphere, in Australia and South 
Africa. 


Tr Lower HuRoNIAN GLACIAL PERIOD 


Probably the earliest suggestion of a Huronian ice age was made hy 
Shaler and Davis in their work on Glaciers, where the origin of some of 
the conglomerates is described as probably glacial.** 

Sir Archibald Geikie states of certain Archean boulder beds in Scotland 
that “where the component blocks are large and angular, as at Gairlock, 
they remind the observer of the stones in a moraine or in boulder clay.’’** 

The first recorded striated stones of Huronian age have been found 
within the past two years in the Cobalt silver mining region of Ontario 
by the present writer, the earliest account of the Lower Huronian tillite 
having been published in the American Journal of Science for last year.*? 
A much fuller treatment of the subject, with photographs of tillite, stri- 
ated stones, etcetera, has appeared in the Journal of Geology, and for 
details the reader may be referred to that article.*° With the exception 
that no striated rock surfaces have yet been found beneath the Lower 
Huronian tillite, all the varieties of evidence depended on to prove the 
glacial origin of the Permo-Carboniferous apply perfectly to this most 
ancient glacial deposit. Specimens of the boulder clay from the two 
horizons are almost indistinguishable in hand specimens or in thin sec- 
tions under the microscope. 

How suggestive these boulder conglomerates are of glacial work is 
shown in accounts prepared by geologists who hesitate to draw the same 


33 Glaciers, p. 101. 

*% Text-book of Geology, p. 705. 
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86 Vol. xvi, pp. 149-158. 


3856 A. P. COLEMAN—GLACIAL PERIODS AND GEOLOGICAL THEORIES 


conclusions as the present writer. Professor Miller, who has mapped the 
Cobalt region, calls attention to the resemblance of the rock to boulder 
clay, since “the granite boulders are often 2 or 3 feet or more in diameter 
and distant a couple of miles from exposures of the rock.”’** Professor 
Brock, who has described the gold-mining region of Larder lake, in the 


same formation, but 20 miles farther north, gives the following account 
of the rock: 


“The thickness and widespread extent of the conglomerate in northern On- 
tario, where its general characteristics seem to remain constant throughout, 
the clean-swept and often rounded surfaces of the older rocks on which it is 
frequently laid down, and the extraordinary variation in the size of the boul- 


ders—these and other facts stated above regarding the conglomerate of Larder - 


lake furnish the strongest evidence yet found for a glacial origin. But there 
are still difficulties in the way of its acceptance. The deposits can not be said 
to have the appearance of glacial deposits. There has been no boulder clay 
recognized—the material has been at least resorted.” 


If Professors Miller and Brock had been familiar with ancient glacial 
deposits, such as the Dwyka in South Africa, they would no doubt have 
taken a different view of the matter, since the Cobalt conglomerates are 
exactly like the more consolidated varieties of the Dwyka conglomerate. 
That some of the matrix shows hints of stratification is, of course, not an 
argument against a glacial origin, for Pleistocene boulder clays and kame 
deposits often show the same mixture of ice-formed and water-laid 
materials. 

The vast extent of the Lower Huronian conglomerate is only explicable 
by glacial action. In the east, near lake Chibougamou, Richardson de- 
scribed such a conglomerate, with boulders tons in weight, many years 
ago ;*° and similar conglomerates occur in every Huronian area mapped 
in northern Canada through a region 1,000 miles long from east to west 
and 750 miles broad. The only similar boulder-bearing formations known 
are the Permo-Carboniferous and Pleistocene boulder clays, the Lower 
Cambrian beds being apparently much less extensive; and those who 
object to the interpretation should explain how these boulder beds hun- 
dreds of feet thick, stretching over hundreds of thousands of square miles, 
were formed if not by the action of land ice. 


INTERGLACIAL PERIODS IN THE PLEISTOCENE 
The four great glacial periods briefly outlined above are generally 


37 Bureau of Mines, Ontario, 1905, p. 41. 
8 Tbid., vol. xvi, part 1, p. 212. | 
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thought of as units, though there is reason to believe that they were in- 
terrupted by warmer interglacial periods. There is, however, much diver- 
. sity of opinion in regard to the importance of these interglacial episodes, 
some geologists, such as Professor Wright and Mr Warren Upham in 
America, Mr Lamplugh in England, and Doctor Geinitz in Germany, 
minimizing their importance; while others hold that in one or more inter- 
glacial periods of the Pleistocene the ice-sheets were completely removed, 
to be reformed later. 

The evidence for at least one interglacial period in northeastern Amer- 
ica, with a complete disappearance of the ice and a climate several degrees 
warmer than the present, seems to the present writer absolutely convinc- 
ing. Those who wish to follow up the matter in detail will find the evi- 
dence in various reports of a committee of the British Association*® on 
the Toronto formation, and in a paper read by the present writer before 
the Mexican Geological Congress.** The importance of the Toronto inter- 
glacial formation is very well shown also in Chamberlin and Salisbury’s 
Geology.*2 Here it is unnecessary to do more than call attention to the 
more salient points in connection with this interglacial period. 

The interglacial deposits began after the ice had retreated some hun- 
dreds of miles, to a point far to the north of Toronto, and after streams 
had cut channels through the boulder clay into the underlying rock. The 
beds laid down on the eroded surface contain leaves and wood of a rich 
forest, including an assemblage of trees which now grow 150 miles farther 
south. There were also unios which are not now found in Ontario, but 
inhabit the Mississippi. A great river flowing from the north into the 
rising waters of an interglacial lake Ontario built up a delta 180 feet 
thick and 25 miles wide. The interglacial lake was drained and wide 
river valleys were excavated to a depth of more than 150 feet. Finally 
the ice covered the region again, burying the whole formation under thick 
sheets of boulder clay which extend hundreds of miles southwest of 
Toronto. 

Interglacial beds with wood, peat, and brown coal are found on the 
Hudson Bay slope also, showing that the surface was free from ice 400 
miles north of Toronto. 

From the series of events just outlined it can hardly be doubted that 
this interglacial period lasted for tens of thousands of years, during which 


49 Canadian Pleistocene fauna and flora, 1898-1899 and 1900. 
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the Labrador ice-sheet must have completely vanished. It may be added 
that the Labrador sheet was the largest known in the Pleistocene ice age. 

The strong proofs of important interglacial periods in the states to the 
south, brought forward by Professor Calvin and others, reinforce the evi- 
dence from Ontario; and the same is true of the western states, where 
Mr W. W. Atwood demonstrated the occurrence in the Uinta mountains 
of two glacial periods separated by a long interglacial time.** 

It is interesting to find this evidence corroborated from the Andes in 
South America, as shown by Dr Hans Meyer, who has found two great 
extensions of the ice separated by a long interglacial period in Equador ;** 
and by Professor Tight, who found proofs of no less than three inter- 
glacial. periods near Ilimani and Sorata, in the Bolivian Andes. From 
Patagonia also Doctor Moreno reports two ice ages and an interglacial 
period in which neo-mylodon existed.** 

In Europe Professor Penck and others have demonstrated several inter- 
glacial periods in the Alps, while Dr James Geikie makes a strong case 
for as many interglacial times in Great Britain and northern Europe.*" 
To what extent Mr Lamplugh*’ and Doctor Geinitz** have invalidated his 
arguments the present writer can not venture to decide. 

Doctor Bogaliibow’s account of an important interglacial period in 
central Russia lasting, as estimated, from 12,000 to 20,000 years, and 
including an earlier time of forest growth and a later one of steppe condi- 
tions, can hardly be brushed aside as of no weight.*® In Australia, too, 
the glacial deposits on mount Kosciusko are of two ages, with an inter- 
glacial period between.”° 

It should be kept in mind that negative evidence is of very little value 
as compared with positive evidence in a matter of this kind, since all 
records of an interglacial period are apt to be swept away by the oncoming 
of later ice-sheets. ‘This is particularly true in the central areas, where 
the surface is often scoured bare to the solid rock. Interglacial deposits 
at any distance within the margin of the ice can only be preserved under 
special conditions, such as the filling of an old river or lake valley or the 
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piling up of great delta masses of firm materials which the later ice-sheet 
can not displace, but must climb over. 

The absence of interglacial deposits in any given region is, then, no 
valid argument against interglacial periods. The writer holds that at 
least one interglacial period of great length and with a warm climate is 
proved for America, and that there is evidence enough in the rest of the 
world to suggest strongly that this interglacial period was universal. 

The evidence just given from glaciated regions is interestingly corrobo- 
rated by climatic changes in unglaciated regions. Doctor Gilbert’s well 
known proof of two moist periods in the history of lake Bonneville in 
Utah, with a dry interpluvial time, corresponding to two ice ages and an 
interglacial period, may be cited as an example of this, and also the 
parallel case of lake Lahontan. Dr Hans Meyer brings out the same 
facts in the Andes below glacial levels, where he finds terraces correspond- 
ing to two pluvial, = glacial, periods.** 

Reference may be made also to Mr Huntington’s notable paper on 
“Some characteristics of the glacial period in non-glaciated regions,” 
wherein he correlates the alternating times of moister and drier climates 
in the Central Asian region with the advance and retreat of the glaciers 
in the Asiatic mountains. He believes there is no reasonable doubt that 
Central Asian moraines are synchronous with those of Europe.®? In the 
Kalihari desert of South Africa Doctor Passarge, too, has found evidence 
of an alternation of moist and dry climates and refers to certain sand 
dunes as formed in interpluvial times, the equivalent of interglacial 
periods. 

It will be seen, then, that climatic changes which have taken place in 
non-glaciated regions strongly support the evidence for interglacial periods 
in glaciated regions. When two different lines of research lead up to the 
same conclusion the probability of the correctness of that conclusion is, 
of course, very much strengthened; so that we may safely assume that 
interglacial periods were worldwide in Pleistocene times. 


INTERGLACIAL PERIODS IN ANCIENT Ick AGES 


The best known of the ancient glacial periods, that of the Permo- 
Carboniferous, has been sufficiently studied in some regions to make it 
worth while to look for evidence of interglacial times, and the literature 
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has been scanned with this in view. In India most references to the 
Talchir and Salt range are brief and not detailed, so that little informa- 
tion as to interglacial beds is to be expected. The published sections also 
give little evidence in favor of a removal and readvance of the ice-sheets ; 
but Mr Lydekker mentions the fact that there are several boulder beds at 
different horizons,°* and it may be that observers have not recognized the 
importance of noting stratified beds between the sheets of boulder clay. 

In Australia Professor David has given an extraordinary section from 
the Bacchus Marsh district in Victoria, in which there are no less than a 
dozen beds of “glacial mud stones,” separated by stratified materials, 
chiefly sandstone and conglomerate, the whole series being 2,000 feet 
thick. In New South Wales also a group of Coal measures, over 230 feet 
thick and comprising from 20 to 40 feet in thickness of coal (the Greta 
Coal measures), is sandwiched in between the erratic-bearing horizon of 
the Lower Marine series and the similar horizon of the Upper Marine 
series.°* 

In South Africa the southern Dwyka is often very thick, 1,000 or 1,300 
feet, and includes much interstratified shale or sandstone or conglomerate, 
clearly of an interglacial nature; but little attention has been paid to this 
feature, and, so far as I am aware, no attempt has been made to follow up 
these interglacial deposits so as to indicate the extent of the retreat of the 
ice-sheet. Doctor Molengraaff mentions the stratified deposits between 
the sheets of tillite and suggests that there was a periodical forward and 
backward movement of the ice, but evidently looks on these movements as 
of small extent at the borders of the ice-sheet.°* Mr Rogers describes a 
conglomerate pavement in which a second advance of the ice has smoothed 
and scratched the blocks in a lower tillite 50 to 80 feet thick, and states 
that there is some stratified shale without pebbles interbedded with the 
conglomerate.°® 

From my own observations it may be stated that stratified materials 
occur within the Dwyka at several places in South Africa, sometimes in 
beds of considerable thickness. Important beds of sandstone occur in 
Cape Colony near Matjesfontein, and near Laingsburg also the section of 
Dwyka, standing nearly vertical, shows at the bottom a thick layer with 
many boulders, followed by 150 or 200 feet of shale, well stratified and 
with no large stones, and then another thick bed of unstratified tillite. 
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Some irregular masses of sandy conglomerate occur in the boulder clay 
also. 

Near Vereeniging, in Transvaal, there is an apparently interglacial bed 
of sandstone including a small seam of coal with a thick bed of boulder 
clay beneath and a thin sheet of conglomerate above, but there is some 
doubt as to the glacial nature of the upper conglomerate. It may be 
water formed, recomposed of stones from the tillite beneath. 

At N’gotsche mountain, in northeastern Natal, the Dwyka is 480 feet 
thick and includes in the upper part two thin beds of shale, and still 
higher a quite thick interglacial sandstone, above which is a fairly thick 
bed of sandy tillite with many boulders. 

The succession of boulder clays and stratified shale and sandstone or 
conglomerate seen at some points in South Africa matches well the section 
of boulder clay and interbedded clay and sand of the Pleistocene inter- 
glacial section at Scarboro, near Toronto, and probably represents a 
similar series of events, though no fossils were observed in the African 
deposits to give indications of changes of climate. That there are inter- 
glacial beds of great thickness, implying a considerable lapse of time, in 
the Dwyka can be stated with certainty; but how completely the ice was 
removed in these interglacial periods is doubtful, because of the small 
amount of evidence available. 

There were at least local interglacial stages in all three continents dur- 
ing the Permo-Carboniferous ice age, but whether these interglacial stages 
covered the whole of each area or coincided in the different continents 
must remain problematic. 

As to the early Cambrian ice age there seems little evidence at hand 
either in favor of or against interglacial periods, except in Australia, 

where fossiliferous limestone is reported from between layers of tillite by 
Professor David. 

The Lower Huronian boulder conglomerate, about 500 feet thick, at 
Cobalt has stratified slaty beds between unstratified beds of graywacke 
with angular and subangular boulders. Above the Lower Huronian comes 
a Middle Huronian conglomerate, sometimes boulder-bearing, which may 
represent a recurrence of glacial conditions, but no striated stones are 
known from it, perhaps because they have not been looked for. 

In general it may be stated that interglacial stratified deposits free 
from boulders, indicating at least local changes of climate, are known 
from all of the glacial periods; but these have not been followed up suffi- 
ciently to judge of their universality in the older periods. In the Pleis- 
tocene ice age of North America there is proof of at least one complete 
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removal of the ice with a warmer climate than at present, followed by the 
formation of another great ice-sheet. Similar changes occurred in the 
Alps and Russia, and, as many geologists believe, in northwestern Europe 
also ; and two widely separated ice-advances are reported from Patagonia, 
the Andes, and mount Kosciusko in Australia. It is probable that at 
least one interglacial period was worldwide. 


CoNCLUSIONS 


From the previous discussion certain conclusions may be drawn: 

1. Glacial periods occur at wide intervals almost to the beginning of 
known geological time and are a normal feature of the earth’s history. 

2. Glacial deposits were so widely spread in at least three of the periods 
that the temperate and polar regions of both hemispheres were affected, 
and in one of them the tropics also were invaded by land ice which 
reached sealevel on three continents. 

3. There is a remarkable focussing of great ice-sheets about certain 
centers in two of the glacial periods, the north Atlantic in the Pleistocene 
and the Indian ocean in the Permo-Carboniferous. 

4. At least one interglacial period was probably worldwide in the 
Pleistocene, and important interglacial beds occur in the older boulder 
clay deposits also. It is necessary, then, to account for very long periods 
of mild climate undergoing only slow change, separated by comparatively 
short periods of rapidly alternating cold and warm climate. 

If the foregoing conclusions from glacial geology are admitted, various 
theoretical consequences ensue. If ice ages go back almost to the earliest 
known times, we must give up the idea of a formerly molten earth slowly 
cooling from age to age, unless the cooling ran its course before the 
earliest geological formations were deposited. The nebular theory, as 
usually understood, must be relegated to a past so distant as to have little 
interest for the geologist, or must be thrown overboard altogether. 

With the nebular theory goes also Sir George Darwin’s ingenious theory 
of the origin of the moon by tidal action, unless that, too, be pushed many 
millions of years farther back than his calculations indicate. The cross- 
bedded sands and the boulder clays, now changed into hard rocks in the 
Huronian, hint of no greater heat and of no stronger tidal action then 
than now. There was no commotion such as must have been raised in 
the seas of an earth rotating at four times its present rate beneath a 
moon one-half as far away as at present. 

The departure of the molten earth, with its supposedly thin and easily 
bent or broken crust, sweeps away with it many of the usual theories of 
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ancient mountain building and eruptive activity, and also the usual con- 
ception of the original of the schistose rocks of the “basal complex.” 

We can no longer account for the supposed uniformity of past climates 
from the equator to the poles by assuming a supply of heat from beneath. 
Instead we must adjust our theories to an earth cold on the surface from 
the beginning, perhaps even warming up by internal work and the action 
of radiant matter, but more probably undergoing comparatively little 
change in temperature. 

Certain other climatic theories are ruled out also. No merely local 
cause or probable combination of local causes, such as those skillfully sug- 
gested by Professor Gregory,°” seems capable of covering the ground in a 
great ice age like that of the Pleistocene or the Permo-Carboniferous. 
Local elevations of thousands of feet can hardly be conceived as taking 
place at the same time over most of North America, the whole length of 
the Andes and Patagonia, all northern Europe, the Alps, the mountains 
of Turkestan, the Himalayas and Altai mountains, the Atlas region, 
Ruwenzori, Kenia and Kilimanjaro, the New Zealand Alps, and Kosci- 
usko in Australia, not to mention other localities glaciated in Pleistocene 
times. The theory breaks down of its own weight. It should be added, 
however, that elevation in some cases is hostile to the formation of ice- 
sheets, as Scott has shown on the Antarctic tableland 9,000 feet above the 
sea, where the ice is dwindling and the glaciers are retreating.*® There 
depression might extend glaciation by increasing precipitation. 

Again, the mere enumeration of points where glaciation took place in 
the Pleistocene—some on broad low plains, others on mountains, some on 
isolated islands or the seacoast, others, like Ruwenzori and the Keewatin 
ice-sheet, in the heart of a continent—seems enough to discredit theories 
in which an adjustment of “highs” and “lows,” of winds and precipita- 
tion, is brought forward to account for ice ages. Could any imaginable 
shifting of barometric pressures produce the enormous Permo-Carbonit- 
e1ous ice-sheets of India, Australia, and South Africa, all touching the 
tropics on plains reaching to sealevel ? 

Some general cause, applicable to the whole world, must be assumed, 
such as a change in the sun’s heat or in the composition of the atmos- 
phere, to account for periods of universal refrigeration, separated by long 
periods of mild climate reaching even to the polar regions. But the 
cause must permit also of comparatively rapid oscillations to account for 
warm interglacial episodes. The astronomical theories founded on the 
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varying eccentricity of the earth’s orbit seem to be ruled out, as shown by 
more than one writer, because of the relatively large number of rather 
evenly distributed ice ages which they suggest, and also by the assumption 
of alternating conditions in the two hemispheres. All the geological evi- 
dence points toward simultaneous glaciation in the northern and southern 
hemispheres, and the great extension of glaciers on mountains under the 
equator is inexplicable on the theory of varying eccentricities of the 
earth’s orbit. 

On the other hand, the strange clustering of great ice-sheets about cer- 
tain centers suggests some factor which is not universal, but local in a 
broad way. A shifting of the poles of the earth has naturally been 
brought forward to account for the Permo-Carboniferous ice-sheets on 
low ground on both sides of the tropics; and this would aid in solving 
some of the problems connected with such an ice age, but would raise 
new difficulties in other directions. 

If we imagine the south pole of the earth shifted to the central point 
between the glaciated areas in South Africa, India, and Australia, it 
would stand about in latitude 20° or 25° and longitude 75° as compared 
with the present arrangement. The distance of the nearest glaciated 
regions on the three continents from the supposed pole would be about 
35°, so that their latitude would be 55° south. Under present conditions 
this would not imply glaciation unless on ground rising much above the 
sealevel. The glaciated points farthest away from the pole, as, for exam- 
ple, in New South Wales, would have a latitude of about 24° south of the 
new equator, which would make ice action impossible except on very high 
mountains, with a zonal arrangement of climate like that at present. 

The effects on the climate due to the much greater inclination of the 
earth’s axis to the ecliptic are, however, not taken into account here. No 
doubt the much greater difference between summer and winter and the 
relative narrowness of the tropical belt would greatly affect climates, but 
it would lead too far to discuss the results here. 

If the south pole stood in the middle of the Indian ocean or of a Gond- 
wana land occupying its present position, the north pole would be in 
northern Mexico, near the boundary of New Mexico or Texas. Glacial 
conglomerates have not yet been reported from the Permo-Carboniferous 
of that region, though a conglomerate suggesting ice action has been de- 
scribed by Doctor Cross from Colorado; and it is improbable that such 
tremendous glaciation could exist in the southern hemisphere, while re- 
gions much nearer the north pole were not greatly refrigerated. 

A shifting of the poles would do little toward accounting for the Permo- 
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Carboniferous ice age, and would, of course, be quite inapplicable to the 
Pleistocene period, so that it may be left out of account. 

The most probable general cause for ice ages is to be found in changes 
of the composition of the earth’s atmosphere, as suggested long since by 
Professor Tindall and more recently by Professor Arrhenius and elabo- 
rated by Professor Chamberlin, since known, or possible results of the 
increase or decrease of carbon dioxide and of aqueous vapor would go far 
to produce the necessary changes of climate. It is highly probable, how- 
ever, that to the general atmospheric causes should be added important 
local changes, as, for example, of level, of ocean currents through rising 
or sinking of sea-bottoms and land surfaces, or of the shifting of centers 
of high and low pressure. 

It may be that ice ages can only be produced by a combination of causes, 
local and general, and that an eclectic grouping of theories will ultimately 
prove most satisfactory. 

Whatever theory of ancient climates is adopted must provide for long 
periods of fairly uniform mild climates over the whole earth except on 
lofty mountains, and for relatively brief periods of oscillation between 
cold and warm climates during the so-called ice ages. Mr Huntington’s 
diagram of cycle climatic changes illustrates this idea very well,°® though 
the times of rapid oscillation should probably be separated by much longer 
stretches of comparative uniformity than he has indicated. 

Since this paper was made ready for publication the Compte Rendu of 
the Mexican Geological Congress has reached me, containing a number of 
important papers on related subjects by Professor David, Professor 
Frech, Professor Gregory, Mr Manson, and others, which should be con- 
sulted by any one interested in glacial geology. Mr Manson’s ingenious 
theory of changes of climates as due to the cooling of the earth, followed 
by the clearing away of clouds and the beginning of solar control of tem- 
peratures on the earth, is of course completely at variance with the evi- 
dence given above, showing that extensive ice-sheets reached sealevel in 
ancient times. Professor Frech’s argument against interglacial periods 
from the distribution of extinct mammals seems too vague to counter- 
poise the direct evidence in favor of at least one interglacial period shown 
in so many different parts of the world. 

The papers by Professor David strongly support several of the points 
brought forward in the preceding pages and form an important addition 
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to our knowledge of ancient glacial periods. His discussion of the causes 
of ice ages also is suggestive and worthy of note. 

The series of papers as a whole shows how lively an interest is now 
being taken in ancient climatology, and also how divergent the views are 
of the various geologists who are attacking the subject. 
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INTRODUCTION 


PROBLEM AND CONCLUSION 


Two fossil floras have been reported from the Mesozoic rocks of Cali- 
fornia and Oregon, the one Cretaceous and the other Jurassic. With the 
former the fauna is Cretaceous, but with the latter the fauna has been 
regarded as a matter of doubt. It is the purpose of this paper to remove 
the doubt by showing that in part of Oregon and California the Jurassic 
flora, as illustrated in the accompanying diagram, is in the “Myrtle” and 
Knoxville beds, while elsewhere it extends down to the horizon of the 
Mariposa, and the general conclusion is reached that for the Pacific coast 
the line between the Cretaceous and the Jurassic is the great unconform- 
ity at the base of the Knoxville. 
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HISTORICAL DEVELOPMENT 


The discovery of fossil plants by Aurelius Todd in Douglas county, 
Oregon, more than thirty years ago has led finally, through the collections 
of Will Q. Brown and the much larger collections of thé U. S. Geological 
Survey, to an extensive study of the fossil flora of that region. Pro- 
fessors Lester F. Ward and William M. Fontaine have been the chief 
investigators, and their results appear in the Twentieth Annual Report 
(part 11, pages 368-377) and Monograph XLVIII of the U. 8S. Geological 
Survey. They regard the flora as Jurassic and studied it from three 
localities in Oregon: one in the neighborhood of Buck mountain, extend- 
ing north across Thompson branch of Olalla creek in Douglas county ; 
another in the same county, near Nichols station, on Cow creek; and a 
third, the most important, on the forks of Elk river, in Curry county, 
beside a very important locality near Oroville, California, at the western 
foot of the Sierra Nevada. 

Since the investigations of Ward and Fontaine were published my 
field party of the Geological Survey has mapped and somewhat extended 
the localities in Oregon and discovered a number of new localities of 
plant beds containing the same flora in the Klamath mountains of Trin- 
ity county, California, especially at Big Bar and Rattlesnake creek. 
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Ficurn 1.—WMap of Part of Oregon and California 
Showing localities of plant beds containing the ‘‘Jurassic flora of Oregon” and the “Flora 
of the Shasta” series 

. Buck Peak and Thompson creek, Oregon. “Jurassic flora of Oregon.” 

Near Nichols station, Oregon. ‘Jurassic flora of Oregon.” 
. Elk river, Oregon. “Jurassic flora of Oregon.” 

Big Bar, California. ‘Jurassic flora of Oregon.” 
Rattlesnake creek, California. ‘Jurassic flora of Oregon.” 
. Redding creek, California. Flora of Shasta series (Horsetown). 


Near Wilcox’s, west side Sacramento valley. Flora of Shasta series (Knoxville). 
. Near Oroville, California. “Jurassic flora of Oregon.” 
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The Mesozoic plant localities considered in this paper are shown in 
figure 1. 


PLiant Beps oF Buck PEAK AND THOMPSON CREEK, OREGON 
COMPOSITION AND ATTITUDE 


The plant beds of the Buck Peak region are best exposed along Thomp- 
son creek, where, as shown on the accompanying sketch map, figure 2?, 
they form a belt a mile in width. They are composed very largely of 
conglomerate, with a small proportion of sandstone and shale at the top, 
where fossil plants are most abundant. The general dip is to the west- 
ward at an angle of about 38 degrees, and a great thickness of strata, pos- 
sibly more than 1,000 feet, is well displayed. At least three-fourths of 
the whole mass, its lower—that is, older—portion, lying upon the eastern 
side, is conglomerate, and it is composed for the most part of greenstone 
pebbles apparently derived from the mass which limits the conglomerate 
on the east. This is especially true of the basal portion. In the middle 
and upper portions of the conglomerate pebbles of chert, sandstone, and 
conglomerate become more abundant and finally predominate, making a 
conglomerate like much of that in the “Myrtle formation.” Small beds 
of sandstone and shale occur locally throughout the basal conglomerate, 
and some of them contain distinct traces of leaves, showing that the 
greater part and possibly the whole thickness of the conglomerate belongs 
to the plant beds. 

The first leaves were found in this section, in a thin bed of shale 
within massive sandstone, a short distance below the dam, but the prin- 
cipal leaf locality is 75 feet higher in the succession, in the basal portion 
of the sandstone and shaly sandstone which forms the upper 180 feet of 
the exposed section and passes unconformably beneath the Eocene. In 
this section the youngest of the plant beds is covered by the Eocene. 


LITHIFICATION AND VEINING 


The sandstones and conglomerates of the plant beds are not so firmly 
lithified as to break with a smooth fracture surface through the grains or 
pebbles, and in this respect are more nearly like the average of the Knox- 
ville beds than of the Dothan. None of the beds were found with evident 
siliceous cement, although a few small but distinct veins were observed. 


2This map, prepared originally from Land Office plats and modified by criticisms in 
the field, still has many inaccuracies, but is the best means yet available for showing the 
areal distribution of the various formations. 
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- FIGURE 2 
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Dr F. E. Wright kindly examined the vein material for me, and found it 
composed chiefly of laumontite with a small amount of quartz. 


FOSSILS OF THE PLANT BEDS 


On Thompson creek and the eastern slope of Buck peak, a complete 
collection of plants was made at various times by Will Q. Brown, Pro- 
fessor Lester F. Ward, James Storrs, and the writer, and the flora has 
been thoroughly worked up and published by Professors Ward and Fon- 
taine in the reports of the U. 8. Geological Survey. The flora as described 
consists of about 77 species, listed in Monograph XLVIII, page 140, 
and no other forms have since been discovered in the original localities. 
Their conclusion with reference to geologic age is that, “so far as they 
throw any light on the question of age, they indicate that it is Jurassic.” 

Shells are of exceptional occurrence in the leaf beds. Though care- 
fully sought for,.they have rarely been found, but on account of their 
bearing on the age of the deposit all the evidence should be recorded. A 
doubtful fragment found with the plant fossils on Thompson creek was 
referred to Doctor Stanton, who reports that “the fragment seems to be 
part of a shell and is eovaaly an Aucella, eee there is not enough of 
it for positive identification.” 


RELATION TO THE “MYRTLE FORMATION” OF BUCK PHAK 


The summit of Buck peak is conglomerate and sandstone containing 
the characteristic “Myrtle” (Knoxville) forms, Aucella piochi and A. 
crassicollis. ‘Twelve hundred feet below the summit, on the northeastern 
slope, at the “Todd locality,” the plant beds shown in figure 3 occur, 
dipping westward conformably, beneath a conglomerate containing many 
indefinite vegetable fragments as well as good specimens of Aucella 
piocht. These plant-bearing beds surely belong to the “Myrtle.” 

In the upper 200 feet of plant beds exposed at that place there are half 
a dozen beds of fine conglomerate, ranging from 2 to 10 feet in thickness, 
like the immediately overlying aucella-bearing conglomerate, suggesting 
continuous sedimentation, and that the plant beds belong to the “Myrtle 
formation.” 

Recognizing this probability, at Buck peak we have taken every oppor- 
tunity afforded in the region to examine the basal beds of the “Myrtle” 
for plants, and traces of plants have been found at a number of localities, 
but at only one place have we found a determinable species. Three miles 
northeast of Riddles, in a gap of the ridge in southeast quarter of sec- 
tion 8, with good specimens of Aucella piochi, a fossil plant was found 
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which Doctor Knowlton identified as Teniopteris oregonensis ? Font., 
and remarks: 
“Minute fragments of one species only, which seems to be the species above 


given. Its age would seem to be the same as the so-called Oregon Jurassic; at 
least there are not enough data available to decide otherwise.” 


As this species occurs at several places in the 
plant beds on Thompson creek and at the Todd 
locality on the slope of Buck peak, its occur- 
rence in the Riddles region in the same bed 
with Aucella piocht is of much importance as 
confirming the tendency of the evidence al- 
ready cited to show that the plant beds belong 
to the “Myrtle formation.” 
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RELATION TO THE DOTHAN FORMATION 


The basal conglomerate of the plant beds on 
Thompson creek and Seven Spring ridge, as 
shown in figure 3, rests on the greenstone, 
from which many of its pebbles appear to have 
been derived.. The conglomerate thins rapidly 
to the southwest, but continues across the West 
fork of Doe creek and Buck creek to the point 
where it disappears beneath the great mass of 
Kocene. Before disappearing it passes from 
the greenstone to the Dothan, with which the 
plant beds are in contrast. The Dothan is 
much altered and veined with quartz, and its 
dip is 60 degrees to the southeast. On the 
other hand, the plant beds show scarcely a 
trace of silicification, and dip in the opposite 
direction. The contact was not seen, but the 
contrast both in character and position of the 
two sets of strata indicates a decided uncon- 
formity. 

This view is corroborated by their relation 
to the adjacent greenstone, which on the one 
hand intrudes the Dothan and on the other ~ 
furnished sediment for the plant beds. 4 

The interval between the two epochs of sedi- 
mentation, the Dothan and plant beds, was 


3, Cretaceous, ‘Myrtle’ plantbeds; 4, Greenstone ; 


SEVEN SPRING RIDGE 


W 
4 


Ficurn 3.—Section from Buck Peak east 4 Miles to Nickel Mountain 


1 
ENN Wht 


an 
5, Serpentine; 6, Jurassic, Dothan formation. 


VS 
Vi 


BUCK PK. 
1, Hocene, Umpqua formation; 2, Cretaceous, ‘Myrtle formation ; 


PLANT BEDS NEAR NICHOLS STATION 375 


one of decided deformation and silicification as well as of igneous in- 
trusion. 


PrLant BEDS NEAR NICHOLS STATION, OREGON 
COMPOSITION AND ATTITUDE 


On Cow creek, by the Southern Pacific railroad, near the whistling 
post, half a mile north of Nichols station, as shown on the map (figure 2), 
several small but important outcrops of the plant beds occur. They are 
completely surrounded by the Eocene and have been laid bare by its 
erosion. 

The plant beds are fine, dark, shaly sandstone or sandy shale, much 
squeezed and checked, but without alteration or quartz veining. There 
are some calcareous nodules and spheroidal weathering is frequent. Beds 
of fine conglomerate, 2 to 5 feet thick, are occasionally interbedded with 
the sandy shale, and the entire mass, about 200 feet in thickness, dips to 
the southeast at an angle of about 60 degrees. The easternmost locality 
lies on the north slope of a ridge, under a gap several hundred feet above 
Cow creek, and the beds are not well exposed, but they are of much im- 
portance on account of their fossils. 

From the plant beds of the Nichols region 45 forms are described, 
many of which occur in the vicinity of Buck mountain. These two are 
the type localities of Ward and Fontaine and have thus far afforded a 
flora of 77 forms, referred to as the “Jurassic flora of Douglas county, 
Oregon.” 


RELATION TO ADJACENT ROCKS 


- The Eocene is chiefly coarse sandstone or conglomerate and has a 
smaller dip than the plant beds with which it is seen in unconformable 
contact at several points along the stream. The Eocene in the imme- 
diate vicinity is not fossiliferous, but fossils occur half a mile to the 
north and in the neighboring table mountain. 

The relation of the plant beds to the “Myrtle formation” on the one 
hand and the Dothan on the other is not a matter of direct observation, 
for their contacts in the neighborhood of Nichols are concealed. 

Mr Will Q. Brown, the discoverer of the Nichols area of the Mesozoic 
plant beds, reports finding in the ridge area east of Cow creek a fragment 
containing a typical specimen of Awcella piochi, with others containing 
Mesozoic plants. Plant beds cover the whole of this small area, and 
though it may not be stated positively that the Aucella came from the 
plant beds, yet, since all the surrounding rocks are Eocene, the plant beds 
seem to be the most probable source of the Aucella, and this occurrence, 
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as that of Buck peak, tends to bind the plant beds closely to the “Myrtle 
formation.” 

The fossiliferous Dothan sandstone and conglomerate occur in the 
ravine a quarter of a mile southwest of the whistling post locality of the 
plant beds, and the two are separated by a line of disturbance and silicifi- 
cation which crosses Cow creek near the serpentine, half a mile north of 
Nichols station. South of the serpentine, about Nichols and beyond, the 
Dothan strata are much disturbed. They have an aspect of somewhat 
greater age than those of the plant beds, due to the fact that the Dothan 
contains occasional bunches or veinlets of either or both calcite and 
quartz. The difference in the degree of lithification between the plant 
beds and the Dothan is not nearly as great in the Nichols region as along 
Thompson creek, where the two are separated by a mass of greenstone. 


PuLant Breps of ELK River, OREGON 
OCCURRENCE 


In the Port Orford folio of the U. S. Geological Survey, page 2, atten- 
tion is called to fragments of plant-bearing shale found scattered along 
the bed of Elk river for a mile or more, from the forks of the river down 
to the mouth of Blackberry creek. The shales containing the leaf frag- 
ments are dark, rather sandy, and veined with calcite, like most of those 
which outcrop along that portion of the stream. They are interstratified 
with frequent layers of calcareous material, beds of sandstone, and fine 
conglomerate, most of which are fossiliferous. 

At the time the survey was made of the Elk River region for the Port 
Orford folio, comparatively little attention was given to the fossil plants. 
They were not found in place, so that the relation of the plant beds to 
the other fossiliferous strata was then unknown. As the importance of 
these beds was recognized, it became necessary to obtain further informa- 
tion. Mr James Storrs, who has been the special collector of fossils in 
my field party for a number of years, was sent in October, 1907, to the 
forks of Elk river to locate the plant beds, collect fossils, and determine 
the relations of the strata containing the plants and shells. His success 
will appear in the sequel. 

The dip of the beds on Elk river below the forks is to the northwest, 
and the course of the main stream makes but a small angle with the 
strike, but the two forks make large angles with it—the North fork in 
the newer and the South fork in the older strata. 

The total thickness of the strata in which fossil plants have been found 
on Elk river is apparently somewhat over 1,000 feet. These plant beds 
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are underlain on the South fork by a heavy mass of conglomerate con- 
taining in its lower part many large pebbles of the greenstone like that 
on which the conglomerate rests at the base of the “Myrtle.” No plants 
were found in the basal conglomerate, though it contains many examples 
of Aucella crassicollis. 


FOSSIL PLANTS 


The fossil plants were found in place as well as in many loose pieces 
along the bed of Elk creek from near the mouth of Blackberry creek to 
the forks and up the North fork at least a mile and a half. On the South 
fork the plants have not been found farther than 200 yards above the 
forks. All the beds above that point le beneath the plant beds. 

The first collection of fossil plants from this locality was studied by 
Professor Fontaine, who identified the following species: 


Dicksonia oregonensis Font. 

Thyrsopteris murrayana (Brogniart) Heer ? 
Cladophlebis vaccensis Ward. 

Ctenis sulcicaulis (Phillips) Ward ? 
Ctenophyllum ?n. sp. ? 

Podozamites lanceolatus minor (Schenk) Heer ? 
Otozamites oregonensis Font. n. sp. 

Taxites zamoides (Leckenby) Seward. 


The collection recently made by Mr Storrs was examined by Dr F. H. 
Knowlton, who identified the following forms: 


Yuccites hettangensis ? sp. 
Sagenopteris paucifolia (Phill.) Ward. 
Sagenopteris goppertiana Zign. 
Cladophlebis pecopteroides ? Font. 
Dicksonia oregonensis Font. 
Ctenophyllum angustifoium Font. 
Nilsonia parvula (Heer) Font. 

. Nilsonia orientalis minor Font. 
Nilsonia sp. ? 
Treniopteris ? oregonensis Brogn. 
Hausmannia sp. 
Podozanvites lanceolatus latifolia (Br.) Heer. 
Podozamites sp. 


- Both sets of fossils were collected along the same portions of the stream 
beds, and it is rather surprising that only one species, namely, Dicksonia 
oregonensis Font., occurs in both lists. It is to be noted, however, that 
this is the most common form. The flora contains 20 species, all of 
which, according to Doctor Knowlton, “with the exception of the un- 
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named species of Hausmannia, are found in the beds of Douglas county, 
Oregon, which have been stated by Fontaine and Ward to be of Jurassic 
age.” 

FOSSIL SHELLS 


Throughout the plant beds numerous shells are found intermingled 
with the plants, so that there can be no question whatever as to their 
association and contemporaneity. The following list contains all the 
forms identified by Doctor Stanton from this locality: 


Spondylus ? sp. 

Aucella crassicollis Keyserling. 
Inoceramus ovatus Stanton. 
Turbo morganensis Stanton. 
Olcostephanus mutabilis Stanton. 
Perisphinctes ? sp. 

Hoplites hyatti Stanton. 
Belemnites tehamensis Stanton ? 
Belemnites impressus Gabb. 
Pinna ? 

Fish scales. 

Vertebra of an undetermined marine reptile. 


The fauna, as far as known, includes 10 distinct forms. Concerning 
this fauna Doctor Stanton says: 


“The collection consists of a number of small lots containing very few spe- 
cies, the most abundant and persistent being Aucella crassicollis Keyserling, 
which past experience shows to be characteristic of the upper part of the 
Knoxville formation and is believed to be confined to the Lower Cretaceous. 
In several of the lots there are a few ammonites and other fossils that are also 
Knoxville forms.” 


The collections by Mr Storrs were so made as to preserve the associa- 
tion of the forms, and concerning this matter Doctor Knowlton remarks: 


“That many of the plants were found in association with Aucella and other 
invertebrates is no longer open to question, but I am still unable to see any- 
thing in the plants which would lead me to change my opinion as to their 
Jurassic age, but, on the contrary, the present collection confirms it.” 


RELATION TO THE “MYRTLE FORMATION” 


It is evident from what has already been stated that, at the forks of 
Elk river, in Curry county, the plant beds clearly belong to the “Myrtle 
formation” and lie for the most part above the basal conglomerate. At 
any rate, no determinable plant remains were found in the basal conglom- 
erate on the South fork of Elk river. The presence of so many specimens 
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of Aucella in the basal conglomerate under the plant beds on Elk river 
suggests that such fossils may yet be found in the corresponding con- 
glomerate on Thompson creek in Douglas county. 


RELATION TO THE DOTHAN FORMATION 


Dothan fossils (Aucella erringtont) have been found in loose pieces 6 
miles northeast of the Forks of Elk river, on Johnson creek near the 
mouth of Sucker creek. The black slates at the mouth of Sucker creek 
are like the fragments containing Awcella erringtoni and are believed to 
belong to the Dothan formation. Similar black slates, with associated 
sandstones and calcareous nodules, occur on the South fork of Elk river 
about 2 miles above the forks, but only indefinite shell fossils* have been 
found in them. These strata are separated from the basal conglomerate 
of the “Myrtle” by a mass of greenstone which appears to cut the slates 
on the one hand and furnish sediments for the conglomerate on the other. 
The relation therefore appears to be at this point essentially as on Thomp- 
son creek—the basal portion of the “Myrtle” including the plant beds is 
unconformable to the Dothan and separated from it by a belt of green- 
stones intermediate in age. 


.PLANT BEDS oF Bia Bar, CALIFORNIA 


OCCURRENCE 


On Trinity river, California, about 20 miles west of Weaverville, in the 
vicinity of Big Bar, sometimes referred to as Coxes Bar, occurs one of the 
most important outcrops of Jurassic flora-bearing strata yet discovered in 
the Klamath mountains. The area is a small one, scarcely 2 miles in 
length northeast and southwest and three-fourths of a mile in width. It 
is dissected by several small tributaries of Trinity river into two distinct 
masses, which afford excellent exposures in the terraces where the gravel 
has been removed by the hydraulic process in the Pattison and Wilshire 
mines. The whole succession of strata in this area is scarcely 200 feet in 
thickness and composed chiefly of gray shales and sandstones, with a 
small proportion of fine conglomerate. These rocks are generally so soft 


3 Only a trace of plant fossils has yet been found in the Dothan, the trace being a 
small plant fragment found on Catching creek about 6 miles southwest of Riddle, in 
dark gray slates of the Dothan formation. Doctor Knowlton says of it: ‘This is prob- 
ably the upper part of a leaf of Pterophyllum, such, for example, as P. equale, ad fig- 
ured in Ward’s Jurassic flora of Oregon. The tips of the leaflets and the nervation are 
not preserved, and this determination is very much in doubt.’’ The locality was care- 
fully examined again without finding any fossils. 
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that they were at first regarded as Tertiary.* Near the base, however, 
especially in the Wilshire mine, there are hard nodules cemented by car- 
bonate of lime and iron. 

A 5-foot layer of fine conglomerate or breccia, locally at the bottom, is 
made up almost exclusively of angular fragments of the schistose siliceous 
rocks on which it rests with marked unconformity. Very near the bot- 
tom the shales are carbonaceous and pass into a thin bed of impure coal. — 


STRUCTURE 


The structure of the area appears to be a short and shallow synclinal 
basin, one arm of which is exposed in the Pattison mine and the other in 
the Wilshire, with dips varying from 20 to 45 degrees. In both mines 
the coal bed is exposed near the bottom, dipping generally in opposite 
directions, and is conformably overlain by fossiliferous shales and sand- 
stones. The continuity of the beds is interrupted by small local faults, 
whose effect is to increase the apparent thickness of the beds, and it is 
probable that the thickness of 200 feet stated above is an overestimate. 


FOSSIL PLANTS 


Fossil plants have been collected in the Pattison mine near the middle 
and the western edge of the upper terrace and at the eastern edge of the 
lower terrace. In the Wilshire mine (old part) they have been found best 
preserved in the hard portions above the coal. 

Fossil plants are most abundant in the lower portion of the pre-Tertiary 
plant beds, but occur scattered irregularly throughout the strata, and all 
belong to the same flora. They were referred to Dr F. H. Knowlton, 
who reports the following forms: 


Dicksonia oregonensis Font. 
Onychiopsis sp. (fruit). 
Onychiopsis psilotoides Ward. 
~Cladophlebis sphenopteroides Font. 
Cladophlebis vaccensis Ward. 
Cladophlebis denticulata ? Font. 
Cladophlebis sp. 
Scheropteris oregonensis ? Font. 
Teniopteris orovillensis Font. 
Teniopteris vittata Brongn. 
Tenopteris sp. 


4There is some Tertiary near by. The fossil leaves found abundantly in the south or 
new part of the Wilshire mine Knowlton regards as Tertiary. They are well preserved 
in the fresh exposures of soft shales by the waste ditch of the grayel mined in 1907 near 
the Chinaman’s cabin. 
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Nilsonia orientalis minor Font. 

Sagenopteris paucifolia Ward. 

Sagenopteris grandifolia Font. 

Hausmannia cf. H. forschammeri dentata Moller. 
Sphenolepidiwm oregonense Font. 

Pagiophyllum falcatum ? 

Taxites zanioides Sew. 

Podozamites lanceolatus minor Heer. 

Seed, probably cycadaceous. 


Doctor Knowlton remarks that— 


“These fossils prove beyond question that the beds containing them are sim- 
ilar in age to the Jurassic of Oregon, since all but three of the forms (Onychi- 
opsis (fruit), Hawsmannia, and Pagrophyllum falcatum) are common to the 
two areas.” 


FOSSIL SHELLS 


Shells have been found in the same beds with the plants at both the 
Pattison and Wilshire mines, so there is no doubt whatever as to their 
association. ‘The collections made at various times were referred to Doc- 
tor Stanton, who reports the following forms: 


Pecten sp. 

Mytilus sp. 

Aucella crassicollis Keyserling. 

Cyprina sp. ? 

Unio sp.—undescribed species represented by several good casts. 


Doctor Stanton states: 


“The fossils from Big Bar, California, area are certainly upper Knoxyille 
and hence Lower Cretaceous, as shown by the presence of typical specimens of 
Aucella crassicollis. The other invertebrate fossils from the same area are 
closely associated stratigraphically with the Aucella, but as they are either un- 
described or unidentifiable species, they do not throw any additional light on 
the question of the age of the beds. Two of the lots consist entirely of an in- 
teresting new species of Unio, which is important as showing that part of the 
beds at Big Bar were deposited in fresh water.” 


As to the relation between the Aucella and Unio: The Auwcella crassi- 
collis, as far as yet observed, is limited to a bed of coarse sandstone 4 feet 
in thickness and has been found only on the western side of the area, on 
the upper bench of Pattison mine, interstratified with the plant beds, 
about 6 feet above their base. The Unio occurs most abundantly in a 
thin layer of clayey shale immediately below the Aucella bed. It occurs 
also in shales 50 feet above the Aucella bed and indicates the alternation 
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of salt and brackish or fresh-water conditions, possibly due to shifting 
sediments, or slight oscillation of the coast. 


RELATION TO ADJACENT ROCKS 


In both the Wilshire and Pattison mine the contact of the plant beds 
with the underlying Paleozoic rocks is well exposed and their unconform- 
ity is conspicuous, as may be inferred from the fact that the plant beds 
in general strike northeast and southwest with gentle dip and rest upon 
rocks whose strike is approximately at right angles and dip vertical. The 
basal conglomerate of the plant beds, as already noted, is made up largely 
of fragments derived from the adjacent somewhat schistose rocks and 
vein quartz whose alteration and silicification antedated the deposition 
of the plant beds. 

The age of the underlying beds is certainly in part Carboniferous, for 
the limestone of that region is well characterized by fossils. The uncon- 
formity at the base of the plant beds represents a long interval, whose 
records occur in the Galice, Dothan, and perhaps other formations of 
Oregon. 

PLant Beps oF RATTLESNAKE CREEK, CALIFORNIA 


OCCURRENCE 


In Trinity county, California, 25 miles south of Big Bar, there is an- 
other small area of plant beds. It occurs in the drainage of Rattlesnake 
ereek, 714 miles southwest of Peanut, by the trail to the old Scott place, 
on the South fork of Trinity river. The strata are sandstones, shales, 
and conglomerates, which strike north 15 degrees east and dip 30 degrees 
northwest. 

Mr Storrs reports many shells and plants in the same strata, and their 
association is well illustrated in the specimens collected. 

* Doctor Knowlton reports as follows concerning the plants: 


FOSSILS 


“Cyclopitys oregonensis Font. 
Teniopteris vittata Brongn. 
Sequoia reichenbachi (Gein.) Heer. 


“The specimen of Cyclopitys mentioned above is a fairly good one and can 
not possibly be mistaken for anything else; but the species of Tzeniopteris is 
based on only a small scrap, though it agrees well, so far as can be made out, 
with the species given. Sequoia reichenbachi is a species of wide distribution, 
and consequently of little value in fixing the age. It has not, I believe, before 
been reported in the Jurassic beds of California and Oregon, but was identified 
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by Fontaine in the Shasta beds. I regard this locality as being referable to 
the Jurassic.” 


Doctor Stanton examined the fossils and reports that “among the fossil 
plants are two small shells which appear to be young specimens of Unio, 
though they may belong to some marine genus instead.” 


RELATION TO OTHER FORMATIONS 


This small mass of sediments, like that at Big Bar, rests with a marked 
unconformity directly on the upturned edges of the older rocks. The 
fossil flora is closely related to that of Big Bar, for two of the forms 
found here, namely, Cyclopitys oregonensis and Tentopteris vittata, occur 
in the plant beds of Thompson creek and Buck creek, Oregon—type local- 
ities for the Jurassic flora of Oregon to which that of Big Bar belongs. 
The other form, Sequoia reichenbachi, occurs in the Horsetown beds of 
Redding creek, about 20 miles northeast of Rattlesnake, and it seems prob- 
able that the Rattlesnake Creek mass belongs to the top of the Knoxville 
or bottom of the Horsetown.° 


Puant Bros or RuppiIne CREEK, CALIFORNIA 


Jt may be well in this connection to note that near Clements house, 
along Redding creek, in Trinity county, Storrs collected a number of 
plants, among which Knowlton recognized the following: 


“Sagenopteris oregonensis Font. 
Sagenopteris elliptica ? Font. 
Gleichenia ? Gilbert thompsoni Font. 
Cladophlebis heterophylla Font. 
Sequoia reichenbachi (Gein.) Heer.” 


Knowlton remarks that— 


“T'hese species, with the exception of Cladophlebis heterophylla, which ts 
known from the lower Potomac and Kootenai, are all reported by Fontaine 
from the Shasta flora of the localities along the west side of the Sacramento 
valley, and are therefore regarded as of Lower Cretaceous age.” 


The plants are commingled with marine shells which Stanton deter- 
mined as Pecten operculiformis, Trigonia leana, Cardium, ? Corbula, and 
Pleuromya papyracea, and regards as lower Horsetown. At this locality 


5 On lithologic and stratigraphic evidence, Hershey regards it as Horsefown. Amer- 
{ean Journal of Science, vol. xiv, 1902, p. 34. 
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the Horsetown rests tuple onieielo upon the Paleozoic rocks and Knox- 
ville is absent. 


PLant BEDS OF WESTERN SIDE OF SACRAMENTO VALLEY, CALIFORNIA 


FLORA 


One-third of a mile west of Wilcox’s house, 4 miles south of Lowry, 
in Tehama county, Storrs collected, in October last, a few specimens, — 
among which Knowlton recognized— 


“Nilsonia parvula (Heer) Font. 
Teniopteris vittata Brongn. 
Clic phlebis sp. ? 
Sagenopteris sp ? 


“The material from this locality is all very fragmentary and the identifica- 
tions of the two species given above are based on very small pieces that are 
really too minute to be so used, but to the best of my knowledge and belief they 
are correctly referred. This being the case, this locality is regarded as being 
Jurass*.<.” 


The occurrence of the “Jurassic flora of Oregon” with a Knoxville 
fauna at Elk river and Big Bar led to the expectation of finding it in the. 
Knoxville beds near the base of the Coast range, along the western side 
of the Sacramento valley, in California. 

Tn collections made from the Knoxville beds in that region in the fall 
of 1907 by Mr Storrs, Doctor Knowlton determined with doubt, as noted — 
above, several forms as belonging to the “Jurassic flora of Oregon,” but 
later collections from the same place removed all doubts. All the forms 
yet found in that region belong to the Lower Cretaceous (Shasta) flora 
of Ward and Fontaine. The collections were examined by Doctor Knowl- 
ton, who reports as follows: 


“Report on fossil Plants collected for J. S. Diller by James Storrs, February, 
1908, on the western Side of the Sacramento Valley, Tehama County, Cali- 
fornia, by F. H. Knowlton. 


“No. 30. South fork of Cottonwood creek, 2 miles south of SESE NESE s place 
and 34 mile west of that point. 

Cladophlebis falcata Font. 
Cladophlebis parva ? Font. 
Sagenopteris oregonensis (Font.) Font. 
Sagenopteris elliptica ? Font. 
Angiopteridium strictinerve Font. 
Nageiopsis longifolia ? Font. 
Zamites tenuinervis Font. 
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Cycadeospermuwn ? sp. new. 

Equisetum texrense ? Font. 

Dicotyledon fragment of leaf. | 
All Shasta species. 


“No. 32. South fork of Cottonwood creek, 2 miles south and 114 miles west of 
Stephenson’s place. 
Cladophlebis parva ? Font. 
Nilsonia. Fragment, not really determinable. 
Nilsonia. A larger species than the last, but as it is only a 
scrap it can not be identified. 
Angiopteridium strictinerve ? Font. Minute piece. 
Shasta species, but not well determined. 


“No. 34. One-third mile west and half mile south of Wilcox’s. 
Cladophlebis parva Font. 
Cladophiebis browniana (Dunk.) Sew. 
Cladophiebis ungeri (Dunk.) Ward. 
Cladophiebis heterophylla Font. 
Cladophlebis falcata Fount. 
Sagenopteris nervosa Font. 
Angiopteridium canmorense ? Dawson. 
Angiopteridiwn strictinerve latifolium Fount. 
Ctenis or nilsonia, probably new. 
Dioonites dunkerianus (Gopp.) Miq. 

All Shasta species. 


“No. S24. One-third mile west of Wilcox’s ranch. (Same as no. 34.) 
Cladophiebis browniana (Dunk.) Sew. : 
Sagenopteris elliptica ? Font. 
Angiopteridium sp. 
Nilsonia stantoni ? Font. 
All Shasta forms. 


“No. 37. Four miles south of Wilcox’s on McCartey creek, 2 miles west of road 
from Lowrey’s to Paskenta. 
Cladophlebis falcata Font. 
Angiopteridium canmorense Dawson. 
Angiopteridium strictinerve Font. 
Oleandra graminefolia Knowlton. 
Teniopteris. Probably a new species; nearest to a Jurassic 
form, but not the same. 
Ctenis. A mere fragment, most like C. auriculata Font., of the 
Jurassic, but too small to be positive. 
Wilsonia schawnbergensis (Dunk.) Nath. 
Nilsonia. Nearest Kootenai species, but probably new. 
Dioonites buchianus ? (Ett.) Born. 
Nageiopsis latifolia ? Font. 
Sphenolepidium sternbergianum (Dunk.) Heer. 
Sequoia reichenbachi (Gein.) Heer. 
Shasta or Kootenai species. 
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“By combining the species from the several localities, we get the following 
list of forms: [In this list the locality number at which each occurs is fol- 
lowed by a mark of interrogation (?) when the determination is regarded as 
doubtful, and by a mark of exclamation (!) when the identification is post- 
tive. ] 

Cladophlebis browniana 24 ?, 34 ! 
Cladophlebis falcata 30 !, 34 !, 37-! 
Cladophlebis heterophylla 34 ! 
Cladophlebis parva 80 ?, 32 !, 34 ! 
Cladophlebis ungeri 34 ! 
Sagenopteris elliptica 24 ?, 30, ? 
Sagenopteris nervosa 34 ! 
Sagenopteris oregonensis 30 ! 
Angiopteridium canmorense 34 !, 37 ! 
Angiopteridium strictinerve 30 !, 32 !, 37! 
Angiopteridium strictinerve latifolium 34 ! 
Angiopteridium ? sp. 24 ! 

Oleandra graminefolia 37 ! 

Ctenis sp. 37 ! 

Ctenis or Nilsonia 34 ! 

Teniopteris sp. 37 ! 

Dioonites buchianus 37 ? 

Dioonites dunkerianus 34 ! 

Nilsonia schaumbergensis 37 ! 
Nilsonia stantoni 24 ? 

Nilsonia sp. ? 32 ? 

Nilsonia sp. ? 32? 

Nilsonia sp. 37 ! 

Nageiopsis longifolia 30 ? 
Nageiopsis latifolia 37 ? 

Zamites tenuinervis 30 ! 
Cycadeospermum sp. 30 ! 
Equisetum tezrense 30 ? 
Sphenolepidium sternbergianum 37 ! 
Sequoia reichenbachi 37 ! 
Dicotyledon 30 ! 


“This combined list includes 31 forms, but on eliminating those not specific- 
ally named we have 22 species identified with more or less certainty from this 
collection, and of these some 15 are determined positively as occurring at one 
or more of the localities. Not a single one of these species, according to the 
monograph of Fontaine and Ward, has been found in the Jurassic of California 
or Oregon, or in the Jurassic elsewhere, but all occur in the Shasta or Koote- 
nai. There are several of the forms not specifically named, as pointed out 
under the above lists, that appear to have their closest affinities with Jurassic 
species, but they are not identical, so far as the material in hand will permit 
a judgment. With the above facts in mind, therefore, I do not hesitate to 
refer the present collections to the Shasta.” 
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In the above report it is evident that Doctor Knowlton, following Pro- 
fessors Ward and Fontaine, regards the “flora of the Shasta series” not 
only as distinct from the Jurassic flora of Oregon, but also as younger. 
The former is considered as Cretaceous and the latter Jurassic. 

Of the 22 species determined by Doctor Knowlton in the collections 
from the west side of the Sacramento valley, 5 had been previously re- 
ported by Ward and Fontaine from the Knoxville only, 5 from the Horse- 
town only, 7 from both Knoxville and Horsetown, 2 from the Knoxville, 
Horsetown and Chico, and 3 from the Kootenai. 


FAUNA 


In the same strata, more or less closely associated with the fossil plants, 
a few fossil shells were found by Storrs. No attempt was made to get 
shells not found closely related to the fossil plants. Large and complete 
faunal collections were made in the same region and described by T. W. 
Stanton® years ago. In Storrs’ collection Doctor Stanton reports the fol- 
lowing forms from the plant beds, and states that the horizon to which 
they belong is the upper Knoxville, within the zone of Aucella crassicollis: 
Aucella crassicollis Keyserling. 
Lytoceras batesi Trask. 
Hoplites crassiplicatus Stanton. 


Pinna sp. Similar species of Pinna are known in both earlier und 
later formations. 
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HISTORICAL 


A little more than 3 miles in a direct line north 30 degrees east of Oro- 
ville, on the southern slope of Monte de Oro, at 8, figure 1, Mr H. W. 
Turner in 1886 observed some clay slate containing traces of fossil leaves. 
Beds of conglomerate were noted with the slates and reported to be made 
up in part of pebbles of (porphyrites) altered andesites. The strata were 
designated the Monte de Oro formation and briefly described in the Sey- 
enteenth Annual Report of the U. S. Geological Survey, part i, page 548.7 

Dr T. W. Stanton visited the locality in 1894 and collected some good 
plants of great interest. The following year Professor Ward and James 
Storrs made large collections which have since been studied and described 


* Contributions to the Cretaceous paleontology of the Pacific coast: The fauna of the 
Knoxville beds. U. S. Geological Survey Bulletin no. 133, 1895. 

7™The Monte de Oro formation is briefly described in some of the Gold Belt folios, be- 
ginning with no. 31, Pyramid peak, p. 1. 
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by Professors Ward and Fontaine in the Twentieth Annual Report of the 
U.S. Geological Survey, part ii, and Monograph XLVIII. 

The plants were obtained in slates mainly in the next ravine east of 
Morris ravine, a little west of south from the Banner mine, between the 
wagon road and the river. 

The identity of 12 out of the 28 fossil plants found near Oroville with 
those of the plant beds already referred to at Buck peak and Nichols, in 
Oregon, led Ward and Fontaine to regard the beds at Oroville as belong- 
ing to essentially the same horizon as the Oregon beds—that is, to late 


Jurassic. 
LITHOLOGY 


The Monte de Oro beds are composed of slates, sandstones, and con- 
glomerates in small layers, irregularly interbedded. The slates, gener- — 
ally somewhat shaly, are gray to black in color and form more than half 
of the whole mass. Exposed to the weather, they become light colored 
and appear to be but little altered, though locally sheared and containing 
a number of quartz veins generally parallel to the slaty cleavage. Beneath 
the surface the slates appear more altered. They are often black, de- 
cidedly slaty, and more frequently traversed by veins of quartz. The 
yellowish to dark gray sandstones, often shaly, pass into conglomerate, 
which generally contains, besides siliceous pebbles and dark fragments of 
shale, numerous greenish pebbles of altered igneous rocks of andesitic 
types. 

AURIFEROUS QUARTZ VEINS 

Several definite auriferous quartz veins of considerable size occur in this 
belt and have been worked in the Banner mine, which is said to have 
yielded some hundreds of thousands of dollars. In answer to my queries 
concerning the relation of the ore bodies to the slate belt and whether there 
may be two formations in the belt, Mr George H. Evans and Landis 8. 
Scrutton, successively superintendents of the Banner mine, have kindly 
furnished me the following information : 


“The ore bodies of the Banner mine were found in just such slate rocks as 
are now visible on the surface. The vein was a very persistent one in depth. 
At the 1,000-foot level, the greatest depth attained, the vein was beautifully 
formed with fine smooth walls and the same character of country rock as at 
the surface. Speaking generally, however, the values almost gave out below 
the 500-foot level. 

“There are at least four conspicuous quartz veins outcropping in the narrow 
Banner slate belt, but unless one is well acquainted with the spot, it is hard to 
find them on account of the brush. 

“There is only one formation in the said slate belt as far as we know; 
bunches or lenses of conglomerate and sandstone are occasionally met with 
down to the greatest depth attained.” 


PLANT BEDS OF OROVILLE, CALIFORNIA 389 


There can be no question that the plant beds at Oroville contain impor- 
tant ore deposits, which may be correlated with those found elsewhere in 
the Gold belt along the western slope of the Sierra Nevada. 


DISTRIBUTION 


The known area occupied by the Monte de Oro beds is small, not over 
2,000 feet in width, and about 2 miles in length, extending from the slope 
of Monte de Oro, the end of Table mountain almost directly south, to 
Feather river, where an excellent section is exposed. To the northward 
they pass beneath the lava cap and Neocene deposits of Table mountain ; 
to the southward their extent beyond Feather river is unknown, but is not 
believed to be great—perhaps a mile—for on both sides the beds are lim- 
ited by volcanic rocks which cover a large area east and southeast of Oro- 
ville. ; 

STRUCTURE AND THICKNESS 


The strike of the rocks in the vicinity of the Banner mine is north 20 to 
55 degrees west, with a dip of not less than 54 degrees to the northeast. 
Some places the beds are vertical, but generally they dip from 62 to 70 
degrees to the northeast. Along the river, which affords a continuous sec- 
tion across the belt, the beds strike north and south and dip 52 to 85 de- 
grees to the east, giving an estimated thickness for the monoclinal mass of 
approximately 900 feet. The fact that the conglomerates and sandstones 
are mainly along the borders, with slates prevailing in the middle of the 
area, suggests that the mass may be an apprest synclinal. If so, the 
thickness exposed is about 450 feet. 


RELATION TO ADJACENT VOLCANICS 


The fragmental character of the adjacent igneous rocks upon both 
sides of the plant beds shows that they are tuffs and amygdaloids, and 
consequently of voleanic origin. The tuffs are rarely bedded, but their 
contact above and below the plant beds dips to the eastward approxi- 
mately parallel to the stratification, so that the plant beds, as first shown 
by Mr Turner (Journal of Geology, volume iii, page 394), appear to be 
interstratified with the tuffs. This view is favored by the fact that the 
conglomerates of the plant beds contain many pebbles like those of the 
tuffs. Furthermore, there are in the same region, at a different horizon, 
other masses of fossiliferous tuffaceous sandstone interbedded with the 
regular tuffs. Mr Storrs recently discovered a small one on the north 
bank of Feather river, one-fourth of a mile west of the mouth of Morris 
ravine, and the fossil shells it contains are the same as those of the Ban- 
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ner Mine area. The bulk of the evidence supports the view that the 
deposition of the plant beds at Oroville occurred during a quiet interval 
in the time of volcanic activity, but it is not yet certain that they are not 
later and occupy a syncline folded into the underlying volcanics. 


FOSSILS AND AGE 


A full account of the flora in the Monte de Oro formation is given by 
Professors Ward and Fontaine in the Twentieth Annual Report of the 
U. 8. Geological Survey, part 1. The flora contains 28 distinct forms, 
of which 14 are new. There are 12 forms that may be compared with 
previously known ones in fixing the age, and 7 of these are Jurassic. 
The conclusion reached by the paleobotanists is that “the comparison of 
the Oroville plants with known floras shows that most of the forms for 
which any relationship with known plants can be made out find their like 
in the Lias and Oolite, or, without distinguishing these, in the Jurassic.” 

The shells found in the Monte de Oro formation by Mr Storrs have 
been examined by Doctor Stanton, who states that— _  - 


“The fossils from the plant-bearing Mesozoic beds near Oroville, California — 
are especially interesting for the reason that this locality has not previously 
yielded any invertebrates. Unfortunately the collection does not contain any- 
thing specifically identifiable with fossils from any well-known horizon on the 
west coast. The most abundant form is an aviculoid shell that I doubtfully 
referred to Eumicrotis. With these there are specimens of Pinna, Trigonia, 
and Belemnites. The whole assemblage has a decided Jurassic aspect, and, in 
my opinion, the formation yielding them is older than the aucella-bearing 
Mariposa formation.” 


In September, 1907, I again visited the Oroville locality with Mr 
Storrs and made additional collections in the hope of finding something 
distinctive. These were referred to Doctor Stanton, who reports as fol- 
lows : 


“About a year ago, in reporting on another collection obtained by Mr Storrs 
trom these beds, I expressed the opinion that they are Jurassic and older than 
the Mariposa beds. The fossils now under examination add several species to 
the previous list, although I am still unable to assign them to described spe- 
cies, and they do not therefore afford a good basis for correlation with well 
established horizons. Perhaps the most important addition is the form doubt- 
fully referred to Aucella. It is represented by one fairly good valve and a 
fragment of another, which might belong to either A. piochi of the Knoxville 
or to A. erringtoni of the Mariposa, as far as can be determined from the feat- 
ures preserved. Unfortunately there is no right valve in the collection and 
the generic reference is not positive. If it is really an Aucella, the age of the 
beds is either Mariposa or Knoxville—more probably the former. The general 
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character of the other forms is suggestive of the older Jurassic faunas of the 
Taylorsville region, but it must be admitted that there is no definite evidence 
of this.” 


The following list, prepared by Doctor Stanton, contains all the shells 
yet discovered in the plant beds at Oroville: 


Ostrea sp. 

Pecten. Two or three species. 

Aucella ?sp. Two imperfect specimens with the form of A. piochi or 
A. erringtoni. 

Modiola sp. 

Trigonia sp. 

Cardium ?sp. The abundant species that in a previous report was 
thought to be an aviculoid shell, and doubtfully referred to Humi- 
crotis. The specimens in the present collection are somewhat bet- 
ter preserved, but the generic reference is still doubtful. 

Belemnites sp. Several fragments. 


Horizon oF AUCELLA CRASSICOLLIS 


The stratigraphic relations of the beds containing Aucella crassicollis 
are more clearly and extensively exposed along the western side of the 
Sacramento valley than anywhere else in California and Oregon. 
Although that region has not yet been mapped in detail because there is 
no appropriate topographic base, it has been studied with care for its 
structure and fauna® and a number of sections have been measured. 

The Cretaceous rocks (Shasta series and Chico) have a total thickness 
on Elder creek, in Tehama county, of about 30,000 feet, of which the 
lower 20,000 belongs to the Knoxville, overlain by 6,000 feet of Horse- 
town and 4,000 of Chico. The various forms of Aucella, excepting Au- 
cella erringtoni, which occurs in the Mariposa, have been recognized in 
the Knoxville and are considered by Doctor Stanton as two distinct spe- 
cies—Aucella piocht and Aucella crassicollis. Although the two forms 
sometimes occur near together, in general the strata containing Aucella 
plochi lie beneath those in which Awcella crassicollis is most abundantly 
developed, and the zone of the latter is apparently limited to the upper 
2,000 feet of Knoxville heds, where it is associated with other forms which 
are characteristic of the same horizon. Elsewhere in California and 
Oregon the Aucella crassicollis zone may vary greatly in thickness, but 
wherever it occurs in determinable order it forms the top of the Knox- 
ville next in succession below the base of the Horsetown. ‘This general 


- 8 The Shasta-Chico series, by J. S. Diller and T. W. Stanton, Bulletin of the Geological 
Society of America, vol. 5, pp. 485-467. and Contributions to the Cretaceous paleontology 
of the lacific coast: The fauna of the Knoxyille beds, U. S. Geological Survey Bulletin 
no. 133, by T. W. Stanton. 
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succession is well illustrated on Myrtle creek, Elk river, and Rogue river, 
in Oregon, and locally in the Klamath mountains, but most fully and 
satisfactorily along the western side of the Sacramento valley, in Cali- 
fornia. 

While it is possible that Awcella crassicollis may occur much farther 
down in the series than 2,000 feet from the top of the Knoxville beds, it 
has not yet been shown to have such earlier distribution, and until such — 
evidence appears we are constrained to regard the section of the western 
side of the Sacramento valley as the standard. ; 


LocaL SILICIFICATION OF THE “MyrtLeE ForRMATION” 
“WYRTLE” GENERALLY UNALTERED 


In the Gold belt of the Sierra Nevada of California the Paleozoic 
strata were deformed and metamorphosed to a considerable degree before 
the deposition of the Mesozoic, but the great epoch of mineralization ap- 
pears to have taken place at the close of the Mariposa. This is strongly 
indicated by the general fact that the Mariposa slates are often highly 
altered and contain important ore bodies, while the nearest Knoxville 
strata are unaltered. 

The greatest mass of Knoxville strata known lies along the western 
side of the Sacramento valley, in Tehama county, California, and 
although locally veined with calcite is not perceptibly metamorphosed. 
A similar mass, not so thick, but quite unaltered, lies in Cow Creek valley 
and along Myrtle creek, in Douglas county, Oregon. 


BXCEPTION TO GENERAL RULE 


The Myrtle Creek mass noted above is limited on the northwest by 
Dodson Mountain ridge, beyond which, in the Dillard region, an area of 
the Knoxville occurs that is an exception to the general rule, for its rocks 
are locally affected by a considerable degree of silicification. Attention 
has been recently called to the rocks of this area by Mr Louderback, who 
regards its silicified rocks bearing quartz veins in variable abundance as 
typical of the Franciscan of California. While not questioning the litho- 
logical comparisons which Doctor Louderback’s familiarity with: the 
Franciscan has enabled him to make, I have been especially interested in 
the age of the rocks and the relation of the fossils to the silicification. 


CALCAREOUS CEMENT AND QUARTZ VEINS IN THE “MYRTLE” 


The cement in the sandstones and conglomerates of the Dillard area 
varies greatly and often abruptly from-place to place. Where fossil shells 
are abundant, the cement is calcareous; but where they are rare or absent, 
especially in the sandstones, the cement may be siliceous and the rocks 
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veined more or less abundantly with small stringers of quartz. The 
abundance of fossils and the calcareous cement derived from them has in 
a measure restricted the circulation of the siliceous solutions to the por- 
tions poor in fossils, where the quartz veins in consequence are most com- 
mon. Rarely the shells are replaced by pyrite. 


CALCAREOUS CEMENT AND QUARTZ VEINS IN THE DOTHAN 


In the northwest portion of the Riddles quadrangle, a few miles from 
the end of the Dillard area, and separated from it by a mass of green- 
stone, the Thompson Creek body of Dothan rocks occurs and contains 
characteristic specimens of Aucella erringtont. As in the Dillard area, 
wherever the fossils are abundant the cement and veins are calcareous, 
but elsewhere they are siliceous. The Dothan rocks on Thompson creek 
are in most places not silicified or permeated by quartz veinlets any more 
than the Knoxville rocks of the Dillard area. Generally, however, other 
portions of the Dothan, where not fossiliferous, are more firmly silicified 
and abundantly quartz-veined than the rocks of the Dillard area. 


AGE OF THE ROCKS 


That the rocks of the Dillard area are Knoxville is indicated by the 
_wide distribution of characteristic fossils, especially Aucella piochii and 
Aucella crassicollis. As indicated in the accompanying figure, they have 
been found at many points throughout the area. A sketch of the Dillard 
area was published in the American Journal of Science for June, 1907, 
page 416, but since then, in completing the Riddles quadrangle, the num- 
ber of fossiliferous localities has been greatly extended, especially in the 
southwest portion and along the river above Dillard (figure 4), where 
well preserved forms occur in calcareous pebbles or concretions of an in- 
teresting conglomerate.° 

If these fossiliferous nodules are pebbles derived from an aucella- 
bearing limestone, they would furnish evidence of a limestone character- 
ized by Aucella crassicollis older than the rocks of the Dillard area, for 
the conglomerate in question is well exposed by the river and evidently 
interstratified with the rocks in the immediate vicinity of Dillard. Sim- 
ilar conglomerate with fossiliferous limestone nodules occurs on the river 
at the mouth of Rice creek. The adjacent sandstones at both localities 
contain calcareous concretions, and it is believed that the fossiliferous 
nodules also may be concretionary and of the same age in general as the 
rocks of the Dillard area to which the fossils correspond. 

The best examples perhaps of Aucella crassicollis found this year 


©The total number of distinct localities at which Knoxville forms of Aucella have been 
found in the Dillard area is sixty-four. 
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(1907) in the quartz-veined rocks occur near the southwest corner of the 
area adjoining the igneous rocks one-third of a mile north of Josten’s 
house, in section 14, township 29 south, range 7 west, of the Willamette 
meridian, and also in section 29, township 29 south, range 6 west, Willa- 
mette meridian, on the trail from the upper part of Rice creek over to 
Willis creek. At both localities undoubted examples of A. crassicollis 
were obtained in fine conglomerates cut by quartz veinlets and interbedded 
with crushed sandstones that are occasionally full of such veinlets.?° 
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LOCAL SILICIFICATION AT THE CLOSE OF THE KNOXVILLE 


It is not claimed that the more general silicification of the Dothan took 
place at the same time as that of the Knoxville in the Dillard area, for 


1 Tt should be mentioned that there is some evidence recently observed concerning the 
relation of the glaucophane schists to the sedimentary rocks of the Dillard area. A con- 
glomerate upon the right bank of the Umpqua river, a short distance below Winstons 
bridge, contains distinct pebbles of glaucophane schist and clearly indicates that the 
conglomerate is younger and lies uncomfortably on the schist. The conglomerate has 
been regarded as Knoxville, but no fossils could be found in it to prove its age. On the 
other hand, it lies on the side of the Dillard area adjoining the Eocene, and several areas 
of Eocene are now known to be included in the Dillard area as originally mapped. 
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the Knoxville where found in contact with the Dothan shows less silicifi- 
cation. Much of the silicification of the Dothan occurred before the 
deposition of the Knoxville, just as that of the Mariposa in California, 
but the silicification of the Knoxville of the Dillard area evidently 
occurred at a later epoch, most likely at the close of the Knoxville, for 
that was a time of deformation in the Dillard region. 

It is interesting to note in this connection that in the Bohemia mining 
region, which lies in the same axis of deformation, 35 miles northeast of 
the Dillard area, there are large auriferous quartz veins in the Tertiary 
lavas of the Cascade range. The quartz veins of the Bohemia region are 
doubtless later than those of the Dillard area and demonstrate decided 
activity along the northeastern extension of this axis in Tertiary times. 
This fact facilitates the explanation of a considerable degree of silicifica- 
tion in the Dillard region at the close of the Knoxville. 


RELATION OF THE ““MyrTLeE FoRMATION” OF OREGON TO THE SHASTA 
SERIES OF CALIFORNIA 


The areas of the “Myrtle formation” in Oregon are entirely discon- 
nected from those of the Shasta series in California, so that their relation 
can not be determined by their contact, but must be inferred from their 
stratigraphic relation to associated rocks and their fossil contents. 

Beneath the Shasta series, on the western side of the Sacramento val- 
ley, there is a conspicuous unconformity. The successively newer over- 
lying beds of that series overlap to the eastward and cover the older highly 
tilted and somewhat altered pre-Shasta rocks. On the Cold fork of 
Cottonwood creek (near 7, figure 1) the great unconformity is between 
the Knoxville and the Paleozoic strata, farther northeast the Horsetown, 
and finally, about the northern end of the Sacramento valley, the Chico 
rests on the Paleozoic with conspicuous discordance. 

The same general relation is shown on the southwest slope of the Kla- 
math mountains. At Big Bar and Rattlesnake creek, localities 4 and 5, 
which are approximately on line northwest of 7, figure 1, there are iso- 
lated patches of strata which from their faunal relations belong to the 
Knoxville and rest with marked unconformity upon the Paleozoic rocks 
of that region. At Redding creek (6, figure 1), which is east of the line * 
of Knoxville outcrop, the Horsetown beds rest on the Paleozoic strata, 
just as it does at the village of Horsetown in the Sacramento valley. 
The isolated masses of Shasta beds at 4, 5, and 6, figure 1, were once con- 
nected not only among themselves, but directly with the large mass of the 
Shasta strata along-the western side of the Sacramento valley, forming a 
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continuous cover over the older rocks of the southern portion of the Kla- 
math mountains. 

This is demonstrated by the fact that the Shasta series of the Sacra- 
mento valley area extending northwest laps up over the crest of the Coast 
range (Klamath mountains) into the head of the Hay Fork country of 
Trinity river, where there are a number of small intermediate masses"? of 
sandstone and conglomerate between those of Rattlesnake creek and Red- 
ding creek, showing that they were once connected by a continuous mass 
and joined across the crest of the range with the main mass of the Shasta 
in the Sacramento valley. 

During the time the Shasta and Chico were deposited the Pacific border 
of the continent was subsiding and the sea transgressing the land. There 
may have been interruptions, perhaps slight elevations at several horizons 
within the epoch, as between the Knoxville and the Horsetown, which are 
locally unconformable, but the general moyement was downward, with an 
advancing sea and successively newer marine deposits overlapping the 
earlier land.” 

At the base of the “Myrtle formation” in Oregon there is an important 
unconformity and a decided overlap. The successively newer, overlying 
strata of the “Myrtle” in general lap over farther and farther inland 
beyond the limit of the older strata of the same series, just as the mem- 
bers of the Shasta series do in California. Furthermore, the lower por- 
tion and the greater part of the “Myrtle formation” is characterized by a 
fauna in large measure identical with that of the Knoxville beds, while 
the top part contains a fauna closely related to that of the Horsetown 
beds. There is good reason, therefore, for regarding the Shasta series of 
California and the “Myrtle formation” of Oregon as equivalent. 


DISTRIBUTION .OF THE SHASTA FLORA IN THE “MyrtLe ForMATION” 
OF OREGON 


In the “Myrtle formation” of Oregon there are two floras, the “flora 
of the Shasta” series and the “Jurassic flora of Oregon.” They have not 
yet been definitely found together and their geographic distribution is 

significant. 
_ The flora of the Shasta series has been reported by Ward and Fontaine 
in the vicinity of Riddle, Oregon, in a mass of the “Myrtle formation” 
connecting directly on the strike with that of the type locality on Myrtle 


40. H. Hershey’s geological map of part of the Klamath mountains. Unpublished. 
? Bulletin of the Geological Society of America, vol. 5, p. 453. 
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ereek in the Roseburg quadrangle. In the Riddles area the following 
eight forms have been reported by Ward and Fontaine: 


Sagenopteris mantelli ? Schenk. 

Sagenopteris oregonensis Fontaine. 

Sagenopteris nervosa Kontaine. 

Angiopteridium strictinerve latifolium Fontaine. 
Dionites buchianus abietinus Ward. 

Nageiopsis latifolia Kountaine. 

Populus ? ricet Fontaine. 

Sapindopsis oregonensis Fontaine. 


In this Riddles area of the “Myrtle formation” fossil plants are rare, 

but shells are quite abundant. The fauna, it is true, does not contain a 
fl > , 
large number of species, but they are characteristic, and the fauna and 
flora agree with the stratigraphy in correlating this area of the “Myrtle” 
(2) fo} . fo) v 

with the Shasta on the ivestern side of the Sacramento valley. The Rid- 
dles area, including the mass on Iron Mountain creek, is the only one in 
Oregon that has yet yielded the Shasta flora. 


DISTRIBUTION OF THE JURASSIC FLORA IN THE “MyrrtLe ForMATION” 
OF OREGON 


A line of deformation runs northeast and southwest through the region 
of Nickel mountain and Dodson butte. It follows a prominent ridge and 
appears to mark approximately the limit between the two floras of the 
“Myrtle formation.” Southeast of it lies the Riddle region and Iron 
Mountain creek, where the “Myrtle formation” contains “the Shasta 
flora,” while to the northwest of it lie the larger irregular areas of the 
“Myrtle,” containing locally on Thompson creek and Elk river the “Ju- 
rassi¢ flora of Oregon.” At one point the line of deformation is over- 
lapped by the Jurassic flora, where it reaches Cow creek at Nichols sta- 
tion.’ In general, on account of the overlapping “Myrtle formation,” it 
may be claimed that the “Myrtle” containing the Jurassic flora lying 
northwest of that containing the Shasta flora must be older. So it seems 
also from the entire abseuce of any Horsetown fauna on the northwest 
side of the axis in the same series near the Jurassic flora. 

The most impressive fact in the field, knowing the distribution of the 
fossils, is the oceurrence of only one form of Aucella with the Jurassic 
flora of Oregon. The flora probably extends far down in the portion of 
the “Myrtle formation” characterized by Aucella piochi, but no such 


13 Attention should be recalled to the Jurassic plant found in the Riddles area (see p. 
373) and the one found in the Dothan (see p. 379). The last is the only one yet found 
in Oregon below the horizon of Auwcella crassicollis and Aucella piochi. 
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association has yet been reported. The bulk of it appears to belong to 
the horizon of Aucella crassicollis not far below the base of the Horse- 
town. 


DISTRIBUTION OF THE SHASTA AND JURASSIC FLORAS IN THE KLAMATH 
MouNTAINS OF CALIFORNIA 


Tf, as I believe, the isolated areas of plant beds at Redding creek, Rat- 
\lesnake creek, and Big Bar, on the west slope of the Klamath mountains, 
in Trinity county, California, are to be regarded as belonging to the 
Shasta series, then the Shasta series contains both floras; but, as in Ore- 
gon, they have not been found together.and their geographic distribution 
1s Suggestive. ; 

The Shasta flora is found widely but sparsely distributed in the beds 
along the western side of the Sacramento valley and, lapping over the 
crest of the range, appears in the Redding Creek basin, a few miles from 
Douglas City. The Jurassic flora of Oregon appears in the region here 
considered only at Big Bar and Rattlesnake creek. The position of these 
two localities suggests that the flora may yet be found close to the base of 
the formation in the Sacramento valley. 

The occurrence of this flora at the very base of the overlapping beds 
with the little Unio connects the flora definitely with the subsiding coast 
and the transgressing sea during the Shasta epoch. As the Shasta epoch, — 
with its great thickness of sediments, was a long one, the changes in the 
flora may have been great, and they would be recorded more or less com- 
pletely in the successively newer overlapping strata. The changes in the 
environment of the flora may have been much greater and more effective 
than those of the fauna, so that in the course of the Shasta epoch the mod- 
ifications of the flora may have been great, while of the fauna they were 
comparatively small. 


RELATION OF THE MONTE DE Oro FORMATION TO THE MARIPOSA 


The slates of the Monte de Oro formation, as pointed out by Mr Tur- 
ner,** “are very similar to those of the Mariposa formation,” and it seems 
most probable, on geographic and structural as well as lithologic and eco- 
nomic grounds, that the plant beds near Oroville are about the same 
horizon as the Mariposa formation of the Gold belt. The fossils tend to 
confirm this correlation, but are not decisive. The extensive association 
of the slates with volcanic rocks in both the Monte de Oro formation and 


14 Seventeenth Annual Report of the U. S. Geological Survey, part 1, p. 548. 
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the Mariposa is striking and in strong contrast with the associated rocks 
of the later horizons in the Mesozoic. 


RELATION OF THE Montrr DE Oro AND MArrrosa ForMATIONS TO THE 
ICXNOXVILLE 


STRATIGRAPHIC EVIDENCE 


In California the Mariposa and the Knoxville are not found together. 
They outcrop on opposite sides of the Sacramento valley. The Mariposa 
is involved in the intense folding of the Sierra Nevada, is extensively 
associated with volcanic rocks, has been considerably metamorphosed, and 
contains important ore bodies which have been successfully mined. The 
Knoxville hes chiefly against the eastern slope of the Coast range and is 
not closely folded, altered, or associated with large masses of volcanics, as 
is the Mariposa. Tt rests unconformably on the strata which appear to 
have been folded with the Mariposa, and for this reason it is believed 
that if the Knoxville and Mariposa were found together in California 
they would be unconformable. This conclusion is in large measure con- 
firmed in Oregon by the fact that the Knoxville rests unconformably 
upon the rocks which contain a fauna whose closest affinity is found in 
the Mariposa. 


PAUNAL EVIDENCE 


It will be recalled that some years ago Dr C. A. White!® regarded all 
the forms of Aucella yet discovered in the Northern Hemisphere as hav- 
ing “so close a generic relationship with one another as to hardly exceed 
the limits which may be reasonably assumed as those of a single species.” 
Doctor White “became satisfied that the Aucella piochi of the Knoxville 
and A. erringtoni Gabb of the Mariposa belong to one and the same spe- 
cies,” a conclusion which, as he states, “involved the opinion that at least 
a part of the series (Mariposa) is equivalent to the Knoxville.” This 
opinion was accepted by Doctor Becker,** but has not been accepted gen- 
erally by the paleozoologists and geologists who have studied the problem 
in the field. : 

Doctor Stanton, who hag studied the faunas of the Knoxville and the 
Mariposa in the field more than any one else, is of the opinion that “the 
faunas, though not large, are entirely distinct, and that of the Mariposa 
includes several forms of ammonites that are characteristic of late Juras- 


DU. S. Geological Survey Monograph NIII, pp. 226-232. 
16 U. S. Geological Survey Monograph XIII, p. 201. 
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sic the world over, while that of the upper part of the Knoxville contains 
an equally characteristic array of Cretaceous forms.” 


VERTICAL RANGE oF AUCELLA AND THE TWO FLORAS IN CALIFORNIA 
AND OREGON 


In the accompanying diagram (page 369) is shown graphically the 
vertical range of the various forms of Aucella as well as the Shasta and 
Jurassic floras applied to the Oregon section. The “Myrtle formation” 
corresponds to the Shasta series, and the Galice formation probably corre- 
sponds to the Mariposa slates. These are separated by the Dothan for- 
mation,'’ which is conformable to the Galice, but unconformable to the 
overlying “Myrtle,” and probably corresponds to the Franciscan of Cali- 
fornia. Aucella erringtoni characterizes the Galice and Dothan, which 
are conformable. Aucella piochi and A. crassicollis belong to the “Myr- 
tle,” which appears to be a conformable series throughout. The “Myrtle” 
and the Dothan are unconformable and the unconformity marks the final 
great folding of the Sierra Nevada. 

The earliest Jurassic flora of Oregon occurs in the Mariposa (Monte 
de Oro), the equivalent of which in Oregon, judging not only from its 
lithology and fauna, but also from its associated voleanic rocks, is the 
Galice. A trace of the Jurassic flora I have reported from the Dothan, 
but a large part of it occurs in the “Myrtle,” extending well up into the 
horizon of Aucella crassicollis. 

The Shasta flora of the upper part of the “Myrtle” occurs throughout 
the Horsetown horizon and locally the greater part, if not the whole, of © 
the horizon of Aucella crassicollis of the Knoxville. The two floras are 
marked in the diagram (page 369) as overlapping. They have not yet 
been found associated, but their geographic distribution and faunal rela- 
tions strongly suggest such a possibility. 


LIMIT BETWEEN THE JURASSIC AND CRETACEOUS 


The close of the Jurassic on the Pacific coast has generally been re- 
garded as marked by the great deformation and uplift that finally added 
the Sierra Nevada to the continent—a deformation marked by the un- 
conformity between the “Myrtle” and the Dothan. This limit is an im- 
portant structural feature and corresponds generally to the paleontolo- 
gist’s interpretation of the fauna, the Mariposa being Jurassic and the 
Knoxville Lower Cretaceous. 


w American Journal of Science, vol. xxiii, June, 1907, pp. 401-421. 
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With this view the paleobotanists are clearly not in agreement. They 
regard the beds containing the “Jurassic flora of Oregon” as earlier than 
the Cretaceous which contains the “Shasta flora.” It has been shown in 
this paper that these two floras meet in the Awcella crassicollis zone in 
the upper part of the Knoxville. The exact line between the two floras, 
as far as yet known—and it has been the subject of study for some 
years—is not a distinct faunal line nor distinctly stratigraphic. 

The position of the line between Jurassic and Cretaceous, as that line 
is defined in Europe and eastern North America, is perhaps determinable 
by the evidence of paleontology and paleobotany, but the ultimate basis 
of classification for the Pacific coast of the United States is the great 
unconformity at the base of the Knoxville (lower “Myrtle”) formation. 


SUMMARY 


The “Jurassic flora of Oregon” described by Professors Ward and Fon- 
taine occurs in the plant beds of Thompson creek and Cow creek near 
Nichols station. Careful search has been made at the localities men- 
tioned, but its associated fauna is still a matter of doubt. 

The same Jurassic flora has been found in the “Myrtle formation” 
closely associated with an upper Knoxville fauna at Elk river, in Oregon, 
and in the Knoxville at Big Bar and Rattlesnake creek, on the western 
slope of the Klamath mountains, in California. 

The lower part of the “Myrtle formation” (Knoxville) in Oregon, 
though generally unaltered, is locally silicified and contains small veins of 
quartz. 

The Cretaceous flora (Shasta) described by Ward and Fontaine from 
the large area of beds along the western side of the Sacramento valley has 
been increased in number of species and extended in geographic range by 
the collections recently made, but the flora is still regarded by Doctor 
Knowlton as Cretaceous and distinct from the Jurassic flora. 

In the Riddles region of Oregon the Cretaceous flora occurs in the 
“Myrtle formation” and is associated with an upper Knoxville fauna like 
that found with the Jurassic flora at Elk river. In the Riddles area there 
has been found also one doubtful specimen of a species belonging to the 
Jurassic flora of Thompson creek and Elk river, and suggests a possible 
commingling of the two floras. 

In Oregon only one doubtful specimen of the Jurassic flora has been 
discovered below the “Myrtle formation.” It occurs in the Dothan. But 
in California, near Oroville, an extensive Jurassic flora has been reported 
in the Monte de Oro formation, where it is associated with a fauna that 
is probably Jurassic. 
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On geographic and stratigraphic grounds, but more especially on ac- 
count of the associated voleanic rocks and ore bodies, the Monte de Oro 
formation is regarded as the equivalent of the Mariposa. 

The strata containing the Jurassic flora of the Klamath mountains are 
conspicuously unconformable to the underlying Paleozoic rocks and con- 
tain not only a marine, but also a fresh-water fauna. They were de- 
posited by the sea advancing over the slopes of the subsiding Klamath 
mountains. 

The same is true of the strata containing the Cretaceous flora found 
along the western side of the Sacramento valley. ; 

The two floras have not been found together, but both occur in strata 
which are lithologically the same, and from their geographic distribution, 
stratigraphic relation, and contained fauna belonging in part to the upper 
Knoxville. 

The Cretaceous flora ranges from the upper Knoxville up to the top of 
the Horsetown, while the Jurassic flora ranges down into the Mariposa. 
One is confined wholly to the Cretaceous. The other occurs in the Cre- 
taceous and ranges down into the Jurassic. 

There is a lack of accordance in the faunal and floral evidence as to 
the position of the line between the Jurassic and Cretaceous. The paleo- 
botanist would apparently place it somewhere in the upper part of the 
Knoxville, at a horizon which, as far as yet known, is not marked by any 
stratigraphic break. On the other hand, the faunal evidence, as inter- 
preted by American paleontologists, places the line between the Mariposa 
and the Knoxville. This line is more definitely located as the great un- 
conformity between the “Myrtle” and the Dothan, base of the Knoxville, 
and marks for the stratigraphic column of the Pacific coast one of the 
most important tectonic horizons. 
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INTRODUCTORY 


During portions of the summers of 1905 to 1907 I made a reconnais- 
sance of the geology of parts of central Wyoming, extending from the 
Colorado state line southwest of Laramie to the Wind River mountains 
northwest of Lander. Detailed geologic maps were made of much of the 
region lying east of longitude 107° and south of latitude 43°, and the 
Laramie and Sherman quadrangles of the U. S. Geological Survey were 
prepared for folio publication. In the western portion of the area I was 
assisted by Mr E. G. Woodruff, and most of the data in the region south- 
west of Laramie and Cheyenne were obtained for me by Mr C. E. Sieben- 
thal. The work was a continuation southward of my explorations in the 


SS 


406° NN. H. DARTON——PALEOZOIC AND MESOZOIC OF WYOMING 


Bighorn and Owl Creek uplifts, which have been published by the gov- 
ernment.” ° 

It is the purpose of this memoir to present an outline of the results 
which throw light on the classification and general stratigraphy of forma- 
tions from Cambrian to Cretaceous in age. Tertiary deposits exist 
throughout the area examined, but only passing attention was given to 
their features, and the various formations are not differentiated on the 
geologic map, plate 21. 


GENERAL GEOLOGY 


The sedimentary rocks of central Wyoming represent parts of Cam- 
brian, Ordovician, and Jurassic time and nearly all of Carboniferous, 
Cretaceous, and Tertiary time. ‘The Triassic apparently is represented 
also, but only in part. The table on page 407 is a list of the formations, 
with brief notice of their character and ordinary range in thickness. 
Some general comparisons of the stratigraphy are shown in plate 23. 


GENERAL STRATIGRAPHY 


The pre-Cambrian rocks are overlain unconformably by the Cambrian 
and later sedimentary rocks, and in most places were planed very smooth 
before the sediments were laid down. Although some of the Paleozoic 
and Mesozoic strata are separated by erosion unconformities, no discord- 
ance of dip is perceptible. The Deadwood formation, representing a por- 
tion of middle Cambrian-Acadian time, is present throughout northern 
and central Wyoming, but does not extend into the Laramie Mountain 


- region. The Bighorn limestone, the product of part of Ordovician time, 


is restricted to the Wind River-Owl Creek and central and northern Big- 
horn regions. Silurian and Devonian do not appear. ‘The Carboniferous 
comprises the Pennsylvanian and Mississippian divisions in the greater 
part of the region, but the latter thins out to the south and ceases in 
Laramie mountains along a line not definitely located. This line crosses 
the range not far from the canyon of Laramie river. The Pennsylvanian 
division, which consists mainly of shales and sandstones in northern 
Wyoming, contains thick bodies of limestone east of longitude 107°, but 
on both sides of Laramie mountain south of the latitude of Laramie these 
mostly give place to sandstone largely of red color. The Chugwater red 
beds, consisting of fine-grained bright red sediments, with -gypsum de- 
posits and thin limestone layers, underlie the entire area. The marine 


2U. S. Geological Survey Professional Paper no. 51. Washington, D. C., 1906. 
91st Congress, 1st session, Senate Hxecutive Document no. 219. Washington, 1906. 
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€: LIST OF FORMATIONS IN CENTRAL WYOMING 


Period. Formation. Characteristics. ee x 
= — _| ——_—_—____ 
Miocene ..... Pee PATIKATCE. 25.054... Soft sandstone, gravel, con- ak ‘000 
glomerate. : 
(|) LSA Se eee Massive sandy clay, mostly 0-400 
z | pale buff. 
Oligocene........ : =p 
2 : Chadron’)... ...- Sand, clay, and sandstone, 0-100 
ft mostly light. 
IROeeN el eseh ee. o Bridger-Wasatch .| Soft sandstone—red, gray, | 1,000-+ 
d green. = 
{| Laramie, etcetera.| Coarse buff to gray sand- | } 
| stone, gray shale. | 
| Fox Hills-Mesa | Sandstone, local coal beds... 4,000 
Verde. J 
| Dicnie = == eee Dark shale with concretions. 3,000-4 
| Niobrara......... Limestone, chalk, and limy 100-450 
| | shale, grading into shale 
eraccous j to northwest. 
IRentones. 2s. oo... Gray shale; buff sandstone 800-1,200 
and concretions near top; 
hard shales (Mowry beds) 
| near middle. 
| Dakota! Buff sandstone.............. 7} 
Cloverly } Fuson .| Gray to purple shale or clay.) | ~, |. 
Lakota | Massive buff sandstone, con- | [ 50-150 
glomerate near base. J 
(?) Morrison ........ Massive shale—pale green, | 100-250 
gray, maroon; thin lime- 
stone and sandstone. 
_ _ = Ln es = 
WMUEASSIC. 2 2c wists Sundance........ Soft buff sandstones ; green 0-250 


Permian-Triassic (?). 


Chugwater ...... 


Carboniferous..... 


TMENSIEED ies erc.-r- « 


Amsden 4 


NIBH GSAS Gacy ols 


Ordovician 


IDG aaesoane 


Cambrian (Middle)... 


Deadwood 


Pre-Cambrian..... 


Granite, gneisses, | 


etcetera. 


shales with hard fossilifer- 
ous layers. 


Red shaie and soft red sand- 
stone; thin limestones, 
and gypsum deposits. 


Gray limestone, buff shale, 
cherty beds. 
Massive, gray, cross-bedded 


800-1,250 


50-250 


30-300 


flat pebble limestone con- 
glomerate, and limestone. 


sandstone. 

Red shale overlain by shale, 100-300 
sandstone, and cherty 
limestone. 

Limestone, light colored, 0-1,000 
massive near top. 

Hard, massive, pale buff, | 0-150 
siliceous dolomite. 

| Brown sandstone, gray shale, 0-800 


4From the Casper range southward these three formations 
500 to 1,000 feet thick, consisting of limestones generally lying on ant 
In the Laramie region and southwar 


i 


d these rocks merge intoyed grits. 


give place to the Casper formation, 
Ll overlain by gray sandstone, 
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Jurassic which follows is similar to that of the Black hills and northern 
and western Wyoming, but it thins out to the south at an unknown point 
a few miles southeast of Medicine Bow. The next formation, the Mor- 
rison shale, with an average thickness of 200 feet, is persistent through- 
out, together with the overlying Cloverly sandstone, the latter represent- 
ing the “Dakota” of earlier writers. The great series of upper Cretaceous 
shales attains a thickness of 5,000 feet or more and occupies broad basins 
between the great uplifts. At the base is the Benton shale, which lacks 
its medial limestone member (Greenhorn) excepting along the southeast 
side of the Laramie mountains. The Mowry beds and upper sandstone 
are, however, prominent throughout. West of longitude 107° the liny 
deposits of the Niobrara give place to shale. The Montana consists of a 
lower division of dark shale with all the characteristics of the Pierre, 
and an upper member of sandstone similar to the Fox hills of other 
regions. This sandstoneis followed by coal measures and shales of 
Montana age, overlapped by sandstones which are regarded as Laramie. 


‘The Tertiary occupies wide areas on some of the tabular divides and 


attains considerable thickness in the Wind River basin. The formations 
are mostly Wasatch, White River, and Arikaree. They le across up- 
turned edges of the earlier formations. The Quaternary is represented 
by old terraces, which are of great extent in the Laramie basin, and by 
alluvial flats in the present valleys. 


CAMBRIAN SYSTEM 


DEADWOOD FORMATION 


General relations—The sandstone of the Deadwood formation is at the — 


base of the sedimentary series in northern and central Wyoming. It 
thins out to the southeast and apparently ceases at no great distance east 
of longitude 107°, so that in Converse, Albany, and Laramie counties the 
Carboniferous rocks he directly on pre-Cambrian granites and schists. 
In the Shirley hills a hard, massive sandstone and conglomerate under- 
lying Madison limestone may be Deadwood. On the West fork of Trou- 
blesome creek, 9 miles northwest of Difficulty post-office, and about Leo, 
this sandstone, 30 feet or more thick, is hard and in part conglomeratic. 
Near North Platte river, north of the mouth of the Medicine Bow, it is 
about 100 feet thick. Whether in these areas it is a shore deposit of 
Madison age or the Deadwood formation was not ascertained. In the 
basal sandstone in the gorge of North Platte river, 3 miles northeast of 
Pathfinder, Mr Walcott found a few fragmentary fossils which he regards 
as Cambrian. The hard sandstone at the base of the sedimentary series 
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in the Casper range and in the ridges to the southeast appears to be a 
shore deposit of the Casper formation. 

Rattlesnake mountains.—The Deadwood formation outcrops along a 
portion of the crest of Rattlesnake mountains west of Oil City. It is 
about 800 feet thick. At the base and near the middle are 25 to 40 feet 
of brown to buff fossiliferous sandstone and the basal beds are somewhat 
quartzitic. Sandy gray shale with thin gray sandstone layers constitute 
the greater part of the formation, but there is a small amount of impure 
slabby limestone and reddish shale near the top. Glauconite is a con- 
spicuous ingredient in most beds. 

Wind River mountains.—On the northeast slope of Wind River moun- 
tains the Deadwood formation is about 750 feet thick, and it presents all 
the features which are characteristic in the Bighorn and other ranges 
northeastward. Its presence was recognized by Comstock® and its distri- 
bution was shown in part on maps of the Hayden Survey.* 

The basal member, which lies on granite, is about 100 feet thick and is 
the usual hard, brownish sandstone. Next are sandy shales and slabby 
limestone, the latter including more or less of the typical flat pebble con- 
glomerate of gray limestone pebbles covered with glauconite. The top 
layer of this limestone contains many trilobites. At the top of the for- 
mation is a hard, coarse, fossiliferous sandstone. 

Owl Creek mountains.—Extensive exposures of the Deadwood forma- 
tion extend along the upper slopes of Owl Creek mountains and in the 
eanyon of Bighorn river. It also appears along Crow creek northeast of 
Circle and in Owl Creek canyon. The thickness is 900 feet and the suc- 
cession of rocks is similar to that in the Bighorn and Wind River moun- 
tains. At the base is hard, coarse-grained, reddish brown sandstone, 
locally conglomeratic below and lying on a remarkably smooth plain of 
the pre-Cambrian rocks. It varies from 50 to 100 feet in thickness and 
is succeeded by 200 to 300 feet of sandy shales and thin-bedded sand- 
stones, with a prominent bed of sandstone in their lower portion. In 
Bighorn canyon this bed is 50 to 60 feet thick and of bright reddish 
brown color. The medial member is 400 feet or more of soft greenish 
gray shale with a conspicuous gray to buff limestone in its lower part. 
This limestone, usually 50 feet thick, consists partly of flat pebble lime- 
stone conglomerate. Southwest of Embar it is 30 feet thick and 300 feet 
above the base of the formation. At the head of Muddy creek it is 40 


5 Report on Reconnaissance of Northwestern Wyoming, 1873, by W. A. Jones (War 
Department), 43d Congress, 1st session, House of Representatives Executive Document 
no. 285. Washington, 1874. 

®Pwelfth Annual Report U. S. Geological and Geographical Survey of the Territortes 
for 1878, Atlas. Washington, 1883. 
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feet thick and underlain by a somewhat thicker mass of sediments. The 
top member of the formation is slabby light colored limestone over 100 
feet thick at most localities, but apparently either very thin or absent in 
Owl Creek canyon. It contains frequent layers and masses of the char- 
acteristic intraformational conglomerate of flat limestone pebbles more or 
less intermingled with thin, twisted, and broken layers of limestone in a 
matrix of shale and fine limestone sand. Many of the pebbles are so 
thickly covered with grains of glauconite that they appear to be green, 
but inside they are gray or pinkish, similar to the associated beds. 

Fossils—Fossils at various horizons in the Deadwood formation are of 
middle Cambrian age, and Dicelamus politus and Ptychoparia oweni are 
the principal forms. The former is a small oval shell, which oceurs in 
great abundance in the middle sandstones and in the limestone layers in 
the shales, as well as in the upper limestone series. The Ptychoparia is a 
trilobite which often abounds in the basal sandstone. In the middle 
sandstone of the formation, a short distance west of Garfield peak of Rat- 
tlesnake mountains, the fossils included a new species, which Mr Walcott 
has designated Obolus (Westonia) dartom. In the top sandstone west of 
Lander, Orthis (Plectorthis) wichitaensis was found. 


ORDOVICIAN SYSTEM 
BIGHORN LIMESTONE 


General relations:—In 1905 I presented to this Society all available 
facts as to the distribution of the Ordovician in the Northwest.’ In the 
following summer Mr Woodruff and I examined the Bighorn limestone in 
the Wind River mountains. The formation terminates at the south end 
of that range and is absent in the Rattlesnake, Casper, Medicine Bow, 
and Laramie mountains as well as in the southeastern portion of the Big- 
horn mountains. 

Wind Rwer mountains—The “Silurian” limestone, first recognized in 
Wind River mountains by Comstock and also shown on the maps of the 
Hayden Survey, is the Bighorn limestone, It lies between the Deadwood 
formation and Lower Carboniferous (Madison) limestone all along the 
east slope of the range and presents prominent exposures, especially in 


_the canyons. It has the characteristics, which are distinctive in the Big- 


horn mountains, of a hard, massively bedded, impure dolomite with con- 
siderable silica streaked through it. It gives rise to a low cliff and on 
weathering breaks off in huge, rectangular blocks which in places accumu- 


7 Bulletin of the Geological Society of America, vol. 17, pp. 541-566. 
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late on the slopes of the Deadwood formation. On Dinwoody creek the 
massive dolomite, 50 feet thick, lies on 100 feet of shaly limestone that 
is very sandy. 

Owl Creek mountains—In the eastern part of the Owl Creek uplift 
the Bighorn limestone is about 40 feet thick; in Phlox mountain and 
Owl Creek canyon it is over 150 feet, and near Crow creek it is about 100 
feet thick. The outcrop is continuous around the higher central area of 
the uplift, and it extends westward along South fork of Owl creck to a 
point 3 miles west of longitude 109°. It shows again on the slopes ad- 
joining Crow Creek canyon and the upper portion of West fork of Muddy 
ereek and in Bighorn canyon. The most prominent exposures are in the 
great escarpment of Phlox mountain. It is a hard, massively bedded 
dolomite, mostly of a light buff color, but somewhat darker when weath- 
ered, filled with a coarse network of irregular siliceous masses, mostly 
from a half to 1 inch in diameter. On weathering, this material stands 
out half an inch or more on the rock surface as a ragged network, the 
purer rock between having been dissolved. This feature and the very 
massive bedding are characteristic. In Owl Creek canyon the massive 
limestone is overlain by 20 feet of white limestone, capped by a 20-foot 
massive bed similar to the thick limestone below, while at the top of the 
formation there are a few feet of sandstone and shale. In places these 
upper beds weather to a reddish tint, strongly suggestive of the member of 
Richmond age which occurs in the northern portion of the Bighorn uplift. 
The appearance of two of the most prominent outcrops in the Owl Creek 
canyon is shown in plates 76 and 77 of my memoir on Ordovician of the 
Northwest.® 

Fossils and age.—Fossils usually are rare in the Bighorn limestone, 
consisting mostly of fragments of maclurina and corals. At one locality in 
the Wind River mountains, however, Mr Woodruff obtained an extensive 
fauna from the basal calcareous sandstone, which was determined by Mr 
EK. O. Ulrich as follows: Recepticulites oweni Hall; Streptelasma cf. pro- 
fundum Conrad and corniculum Hall; a ramose bryozoan resembling 
Callopora multitabula Ulrich; Plectambonites sericius, var. Dalmanella 
testudinaria, var. Strophomena, n. sp. near S. sulcata Vern. and S. fluc- 
tuosa Billings; Ctenodonta cf. levata Hall; Cyrtodonta cf. rotulata Ul- 
rich; Psiloconcha n. sp.; Archinacella cf. A. deleta Sard. and A. subro- 
tunda Ulr.; Protowarthia cf. cancellata Hall; Lophospira, near L. elevata 
Ulr.; Trochonema umbilicatum Hall; Hyolithus cf. baconi Whitfield ; 
Chiton canadensis Billings ; Orthoceras, near O. olorus Hall and O. nicol- 


5 Loe. cit. 
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leti Clarke; Actinoceras cf. remotiseptum Clarke. This fauna is regarded 
as late Black River and early Trenton by Mr Ulrich, for identical or 
closely related forms occur in Black River and Trenton rocks in New 
York. He correlates the horizon with the lower massive limestone and 
its underlying sandstone in the Bighorn mountains and with the Harding 
sandstone and the lower (Galena-Trenton) portion of the Fremont lime- 
stone of the Canyon City region in Colorado. The hiatus at the top of 
the Bighorn limestone represents a part of Ordovician and all of Silurian 
and Devonian time, but there are no marked features of a great uncon- 
formity in the contact of the Bighorn and Madison limestones. 


CARBONIFEROUS SYSTEM 
MADISON LIMESTONE 


General relations—The Madison limestone is very prominent in the 
Bighorn, Wind River, and Owl Creek mountains and it is distinct in the 
Rattlesnake mountains and the region south of Alcova. It disappears in 
the Laramie mountains where the Casper formation les directly on the 
pre-Cambrian rocks. 

Wind River mountains.—Northwest of Lander the Madison limestone 
is from 250 to 300 feet thick, and it constitutes the crest and part of the 
long eastern slope of the prominent foothill range. ‘The rock is light 
gray, pure and very massive in its upper portion, but darker, more slabby, 
and with considerable chert in its lower member. 

Owl Creek mountains.——The Madison limestone outcrops in the higher 
portion of the Owl Creek uplift, ordinarily constituting a prominent 
flanking ridge and causing high cliffs in the canyon walls. It averages 
from 500 to 600 feet thick and consists of moderately thick-bedded gray 
limestones with an upper member of massive light colored limestone 
which weathers to a light dove color. This upper member is cavernous 
and in many places weathers in pinnacles and castellated forms. Exten- 
sive exposures appear in and near Bighorn canyon and at intervals in the 
higher ridges to the west, notably in the vicinity of Phlox mountain, Owl 
Creek canyon, and Black mountain. 

Rattlesnake mountains-Shirley hills—The Madison limestone is 250 
feet thick on the north slope of Rattlesnake mountains, where it outcrops 
for 7 or 8 miles. The rock is a massive, light gray limestone, presenting 
most of the features observed in other regions and yielding distinctive 
fossils. In the canyon of Platte river, between Pathfinder and Alcova, 
the limestone again appears, but the precise thickness was not ascer- 
tained. It lies between sandstone below and red shale of Amsden forma- 
tion above. ‘These features appear again southeast of Pathfinder and 
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about Leo. Three miles southeast of Leo the red shale, supposed to rep- 
resent the basal member of the Amsden formation, is underlain by 110 


feet of hard limestone. A few miles farther east, near Shirley, this 


lower limestone is 75 feet thick, while on the south side of the Shirley 
hills, at a point 9 miles west-northwest of Difficulty, there are about 400 
feet of limestone under the red shale. The upper portion of this lime- 
stone is white, fine-grained, massive, weathers light dove-colored, and 
erodes in pinnacled forms, features which characterize the upper member 
of the Madison limestone in the Bighorn mountains. 

Fossils—The Madison limestone is sparingly fossiliferous, and Spirifer 
centronatus, Seminula humilis, and Chonetes loganensis are the species 
of most frequent occurrence. Dr G. H. Girty has determined the follow- 
ing from the head of Sage creek, on the Shoshone reservation, northwest 
of Lander: Schuchertella inflata ?, Chonetes illinoisensis, Productus sp., 
Spirifer centronatus, Sp striatus, var. madisonensis, and Seminula hu- 
milus ?._ From the Madison limestone on north slope of Rattlesnake 
mountains a short distance west of Garfield peak the following were iden- 
tified: Zaphrentis sp., Fenestella sp., Schuchertella inflata ?, Chonetes 
illinoisensis, Productus levicosta, Spirifer centronatus, Spiriferina soli- 
divostris, Cleiothyris crassicardinalis ?, Camerotechia sp., Modiola ? sp., 
Straparollus lucus, 8. aff. obtusus, Bellerophon sp., Pretus sp., and an 
ostracod undetermined. 

From near the base of the limestone 3 miles southeast of Leo many 
fragments were collected, among which Doctor Girty has determined 
Spirifer striatus var. madisonensis and a Cleiothyris ? sp. 

The fossils indicate that the formation is of Mississippian age, equiva- 
lent to the Madison limestone of Montana and the Pahasapa limestone of 
the Black hills. 


AMSDEN FORMATION 


General relations ——The red shale, sandstone, and cherty limestone of 
the Amsden formation extend along the northeast slope of the Wind 
River range, and they appear also on Rattlesnake mountains and on 
North Platte river south of Alcova. In the Casper and Laramie moun- 
tains where the formation is much less characteristic, it is included in the 


Owl Creek mountains.—In the Owl Creek uplift the Amsden forma- 


tion varies from 200 to 250 feet in thickness, and it outcrops along both 


slopes of the range, excepting locally where it is cut by faults. It sur- 
mounts cliffs of Madison limestone in Bighorn canyon and along the 
south front of the mountain westward nearly to the Lander-Thermopolis 
road, and is prominent on the east slope of Black mountain and the ridge 
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next north. There is always a lower member of red shale about 50 feet 
thick containing thin beds of fine-grained, white limestone. In most 
places this red shale lies on Madison limestone, but west of Anchor it is ~ 
separated by gray sandstone. The middle and upper members are sand- 
stones and limestones, the latter cherty, especially near the top. 

Wind River mountains—The Amsden outcrop is about half way up 
the slopes of the front range of Wind River mountains. The basal red 
shales are about 75 feet thick, and the upper member is a yellow limy 
shale, which is only 25 feet thick near Bull and Willow creeks. 

Rattlesnake mountains and eastward—In Rattlesnake mountains the 
interval between Madison limestone and Tensleep sandstone is about 250 
feet. I found no good exposures of the intervening beds excepting of the 
red shale, which is 60 feet thick. Next above are slabby sandstones and 
cherty limestones. 

In the Shirley and Alcova uplifts and in portions of the northern ex- 
tension of the Laramie uplift the Amsden red shale is distinct, but it is 
overlain by gray limestone, which is not typical of the Amsden. In ex- 
posures 9 miles west-northwest of Difficulty the red shale is 40 feet thick 
and underlain by 400 feet of limestone, probably Madison. Fifteen miles 
northwest of Difficulty, where the red shale is 25 feet thick, it is overlain 
by 80 feet of limestone and underlain by 75 feet of limestone, the latter 
probably Madison. Southeast of Leo, where the red shale is 80 to 100 
feet thick, there are 55 feet of limestone above and 110 feet of limestone 
below. In the northwest corner of Albany county the red shale is sepa- 
rated from the granite by a small amount of sandstone and overlain by 
limestones of which the lower 100 feet are cherty. At a point 5 miles 


‘north-northwest of Marshall, where the red shale is 30 feet thick, it is 


separated from the granite by only 1 to 2 feet of sandstone. There 
is strong suggestion here of lateral overlap of the Amsden southward 
across the edge of the Madison limestone, for the latter is absent to the 
south. 

Fossils and age.—Fossils are rare in the Amsden in central Wyoming, 
but in the Bighorn uplift the upper beds yielded Pennsylvanian species, 
while a few supposed Mississippian forms occur in limestones in the basal 
red shales. Accordingly it is believed that the formation comprises part 
of both divisions of the Carboniferous. A few fossils obtained from basal_ 
beds of the Casper formation 7 miles northwest of Marshall post-office 
were determined by Doctor Girty as Spirifer centronatus, S. cameratus, ? 
and Straparollus utahensis, which are regarded as Mississippian. The 
rocks are cherty limestones lying on red shales strongly suggestive in ap- 
pearance of the Amsden formation of the Bighorn mountains. 
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In the upper limestone member, 5 miles southeast of Leo, which is in 
Amsden formation, the following species were found: Chonetes flemingi, 
Productus nebraskensis, P. cora, Aviculipecten occidentalis, and Allerisma 
terminale. In limestone of about the same horizon, just above red shale, 
114 miles southwest of Shirley post-office, or 15 miles north-northwest of 
Difficulty, the fossils obtained are Archeocidaris, aff. megastylus, Cho- 
netes flemingt, ? Productus cora, P. portlockianus, and Seminula sub- 
tilita. 

TENSLEEP SANDSTONE 

General relations—In most portions of Wyoming the Carboniferous 
limestones are overlain by a thick body of sandstone which generally gives 
rise to a flanking ridge of considerable prominence. It has been desig- 
nated the Tensleep sandstone from the typical locality in the Bighorn 
mountains and probably represents the upper sandstone of the Minnelusa 
formation in the Black hills. It is conspicuous in the Owl Creek, Wind 
River, and Rattlesnake uplifts and the ranges constituting the northern 
extension of the Laramie mountains, but locally in Laramie basin and 
eastward it is less distinct. 

Owl Creek mountains.—The thickness of the Tensleep sandstone is 
uniformly 200 feet or slightly more in Owl Creek mountains. In the 
east end of the uplift it outcrops at or near the top of the mountains and 
it extends far northward in the canyon of Bighorn river. In the low 
divide, where the Lander road crosses the mountains, the formation pre- 
sents a complete arch, constituting the summit. Farther west the sand- 
stone extends along the flanks of the mountains, and extensive exposures 
occur south of Middle fork of Owl creek, in the anticlinal ridge east of 
longitude 109° and on the east slope of Black mountain. Most of the 
rock is white to buff sandstone, in thick massive beds, in greater part 
_eross-bedded. Locally the color of the weathered surface is very dark, 
particularly near the Lander road and in the vicinity of Middle fork of 
Owl creek. 

Wind River mountains.—The Tensleep sandstone constitutes a promi- 
nent ridge extending along the slope of the limestone foothills of the 
Wind River range. In the canyons of the many streams flowing out of 
the mountains the formation is marked by cliffs of considerable height 
presenting very massive ledges. The rock is cross-bedded, massive sand- 
stone locally iron-stained and averaging 350 feet thick. Its thickness 
near Circle is estimated at 550 feet. 

Rattlesnake mountains.—Much of the upper slope on the northeast side 
and northwest end of Rattlesnake mountain consists of Tensleep sand- 
stone, which is about 150 feet thick. Most of the rock is quartzitic and 
weathers dark. 
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North Platte basin and southward—Vhe uppermost member of the 
Casper formation in Natrona and Converse counties and southward is a 
hard, massive sandstone, often 100 feet or more thick, which is beheved 
to be an extension of the Tensleep. It is conspicuous at the east end and 
along the south side of Casper mountain and from the head of Muddy 
creek eastward, notably on La Prele creek, where it constitutes the nat- 
ural bridge, and on Wagonhound creek 10 miles south by west of Douglas. 
South of Marshall it is 100 feet thick and rises in high knobs, and its 
outcrop is wide in the anticline 12 to 15 miles southwest of Garrett. It 
constitutes “Flat Top,” a high ridge on the axis of the anticline 6 miles 
north of Medicine Bow. It is from 100 to 159 feet thick along the east 
side of Shirley hills, from Troublesome creek to the head of Muddy creek, 
and appears extensively in the anticline north and west of Difficulty as 
well as in two anticlines east of that place. The sandstone is about 150 
feet thick in the canyon of Platte river, 5 miles above Alcova, and it is 
brought up again by a beautiful anticline through which the river cuts a 
gorge just above Alcova (see plate 24). 

Age—No fossils were observed in the Tensleep sandstone in central 
Wyoming, but in the Bighorn mountains it contains a Pennsylvanian 
fauna. 

EMBAR FORMATION 


General relations—In the Owl Creek and Wind River uplifts and for 
some distance southeast the Tensleep sandstone is separated from the 
Chugwater red beds by a series of limestones and cherty beds from 150 to 
250 feet thick, which has been designated the Embar formation. It ap- 
pears not to extend into the Platte River region, excepting one or two 
doubtful occurrences. 

Owl Creek uplift—tIn the Owl Creek uplift the Embar formation 
varies from 200 to 250 feet thick. It outcrops along both sides of the — 
Owl Creek mountains and the north side and east end of the Bridger 
range. The most prominent exposure is in the great dip slope adjoining 
Bighorn canyon, a few miles south of Thermopolis, where an upper lime- 
stone 50 feet thick constitutes the surface for many square miles. The 
formation is also extensively exhibited along the mountain slopes near 
the head of Muddy creek, along the line of outcrop extending through 
Anchor, and in the anticline southeast of Embar. It appears again in 
the more elevated portion of the anticline which passes through Ther- 
mopolis. The limestone in the canyon walls south of Thermopolis is 50 
feet thick, of gray color, moderately massive bedding, and of considerable 
hardness. It is underlain by about 100 feet of shale, partly limy, filled 
with oval concretions of chert mostly from 1 to 2 inches in diameter. 
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Figure 1.—TENSLEEP SANDSTONE IN ANTICLINE CUT BY NORTH PLATTE RIVER JUST ABOVE ALCOYA, 
WYOMING. LOOKING SoUTH 


FIGURE 2.—Virw LOOKING NorTH out of NorTH PLATTE CANYON, 5 MILES SouTH or ALCOVA, 
WYOMING 


Tensleep sandstone in foreground, sinking into Red Bed valley. Canyon through anticline at Alcova 
in distance 
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Next below are alternations of limestone and shale, 25 feet or more in 
thickness, lying on a thin deposit of sandstone breccia, which in turn lies 
on Tensleep sandstone. At the foot of the mountain slope the limestone 
member is seen to pass under yellowish sandy beds containing a few thin, 
impure layers of limestone, in all from 50 to 60 feet thick. Near North 
fork of Muddy creek, where the total thickness is 250 feet, the 50-foot 
limestone is overlain by nearly 100 feet of shale containing a large amount 

_ of nodular chert and a thinner massive limestone. Toward the top the 
beds are sandy and in most places of a bright yellow color. In the anti- 
celine on the south side of the mountains, 2 miles east of longitude 109°, 
the following section was measured : 


Section of Embar Formation near Muddy Creek, 2 Miles Hast of Longitude 


109° Feet 

Compact gray sandstone, weathering brown, merging down- 
ward into brownish gray and yellowish soft sandstone...- 50 
MTehiiCOLORCMMMASSTVEMMINESTONEG. «25.0060. ce cece we sees e vee 30 
Nodular dark colored limestone, in part cherty............ 80 
Dr keorayetOSSIIeTOUS SANGSTONE. .......0cccsc esc ecceces 4 

Light buff colored soft sandstone, with layers of limestone, 
IyinesonmnenSleepySAMGStONe =... s.06.% 0226s cere ees cceee 60 
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In the vicinity of Embar the massive limestone member is 50 feet 
thick, and near Anchor post-office it is overlain by 25 feet of soft butf 
sandstone. On Dry creek, 6 miles northeast of Black mountain, the 
formation is much thicker than observed in other places. The basal 
sandstones and limestones thicken to 200 feet, while the limestone mem- 
ber elsewhere near the top of the formation is 30 feet thick and overlain 
by over 200 feet of slabby brown sandstones, with some layers of buff soft 
sandstone. The latter extend to the base of the Chugwater red eds. 

Wind River mountains and castward.Near Sage creek, on the north 
slope of Wind River mountains, the Embar formation presents the follow- 
ing beds: 


Section of Embar Formation West of Fort Washakie, Wyoming 
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On the northeast slope of Rattlesnake mountains the Tensleep sand- 
stone is separated from the Chugwater red beds by buff shale and thin 
layers of pure limestone which probably represent the Embar formation. 
The only trace of this formation observed in the region eastward is in the 
local anticline just west of Difficulty post-office, where the Tensleep sand- 
stone is overlain by 250 feet of yellow shales and limestones strongly sug- 
gestive of the Embar formation in the Owl Creek mountains. 

Fossils and age-——The massive limestone member of the Embar forma- 
tion is very fossiliferous, especially in the walls of Bighorn canyon south 
of Thermopolis, but, so far as observed, there is only one mollusk, identi- 
fied by Dr G. H. Girty as Spiriferina pulchra. This form is believed to 
characterize a horizon just below the so-called Permo-carboniferous of the 
Wasatch Mountain region, and, as Doctor Girty correlates the latter with 
the Permian of the Grand Canyon section, the occurrence of these fossils 
in the Embar limestone suggests that this formation is equivalent to the 
upper Aubrey limestone of northern Arizona. A fenestelloid which could 
not be determined specifically also occurs in this limestone. 

The fossils obtained by Mr Woodruff on the slope of the Wind River 
mountains on head of Sage creek were found by Dr G. H. Girty to be 
Spiriferina pulchra, Seminula subtilita, Aviculipecten aff. eruekensis, 
Stenopora sp., Polypora sp., Derbya ? sp., and a sponge. From ledges 
west of Lander there were obtained Spiriferina pulchra, Spirifer aff. cam- 
eratus, and Productus nevadensis ?. 

According to Doctor Girty, “The Embar limestone has a very different 
fauna from the Kansas Permian, but it may be equivalent to it or even 
later. The fauna is not related to Guadaloupian. It occurs in Utah just 
below Permo-Carboniferous and is known also in Idaho and Nevada.” 


CASPER FORMATION 


Name and general relations—The name Casper formation is proposed 
for the limestones and sandstones constituting the greater part of the 
sedimentary rocks in the Casper and Laramie mountains. These rocks 
represent the southeastward extension of the Amsden and Tensleep for- 
mations, but are so changed in character and indefinite in stratigraphic 
limits that correlation is not desirable and a new name is required. The 
Casper formation lies on pre-Cambrian rocks in the greater part of the 
area, but possibly to the north the basal sandstone represents an atten- 
uated eastern extension of the Deadwood formation, and in eastern Car- 
bon and Natrona counties there may also be a small amount of Madison 
limestone at the base, but at present there is no evidence on which to 
separate these. .The plane on which the formation lies rises to the south, 
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FIGURE 1.—LIMESTONE FOOTHILLS ON EAST SIDE OF LARAMIE MOUNTAINS AT HorSE CREEK, 


WYOMING 


High ridge of Casper formation; slopes and valley, Chugwater Red beds. 
sandstone; granite to extreme left 


Ridge on right is Cloverly 


FIGURE 2.—CAspPER FORMATION, 8 MILES SOUTHEAST OF GLENROCK, WYOMING. LOOKING SOUTH 
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so that the lowest beds included in the northern part of the area are not 
present at Laramie and southward. The Casper formation caps Casper 
mountain and the series of high ridges extending from east of Freeland 
nearly to Douglas. It extends along both slopes of Laramie mountains, 
but in places it is hidden by Tertiary deposits, especially in the north- 
western part of Laramie county. It extends around the south end of 
Laramie basin and along the west side of that basin as far north as Jelm 
mountain, beyond which it is dropped far beneath the surface by the great 
fault which follows the east side of Medicine Bow mountains. It occurs 
in the syncline of Centennial valley and appears in the uplifts of Freeze- 
out and Shirley hills and south of Alcova, but in the latter region and in 
the Rattlesnake mountains and westward the Carboniferous can be sub- 
divided into Madison, Amsden, and Tensleep formations. 

For the greater part of its course the Casper formation consists mainly 
of 300 to 400 feet of massive limestone and dolomite of light color, with 
gray sandstone at its top and base. To the north of latitude 42° there is 
often a red shale member near its base. Excepting near Laramie, it is 
sharply separated above from the red shales of the Chugwater formation. 
The basal sandstone lies on the pre-Cambrian. Near the latitude of Lar- 
amie the formation includes many beds of sandstone, and these increase 
in thickness to the south and west, until near the Colorado line very little 
limestone remains. Much of this sandstone also is of red color—a feat- 
ure which becomes even more prominent in Colorado, where along the 
east side of the Front range the formation consists mostly of red beds 
and becomes the lower Wyoming, or Fountain formation, of previous 
publications. 

Casper to Le Bonte creck.—The Namectones and sandstones of Casper 
mountain and the ranges extending east are from 350 to 700 feet thick 
and lie unconformably on the pre-Cambrian. There is usually a basal 
‘sandstone or quartzite, often conglomeratic, generally from 60 to 100 feet 
thick to the west, but thinning to the east, so that in the slopes west and 
south of Douglas the limestones lie very near or directly on the schists 
and granite. The limestone is from 200 to 500 feet thick, and at the top 
of the formation is a hard, gray, massive sandstone from 50 to 60 feet 
thick, which doubtless represents the Tensleep sandstone of the Bighorn 
and Wind River ranges. This tripartite character is shown in lower 
cut of plate 25. The limestones are mostly of light grav color, mas- 
sively bedded and hard, and some of them contain chert. Red shales 
and thin sandstone members are included locally. Extensive exposures 
occur in Muddy, Deer, Boxelder, and La Prele canyons, the latter show- 
ing a fine arch and the upper sandstone member constituting the well 
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known natural bridge. This sandstone is massive, coarse-grained, and 
usually of light gray color, but in some of the ridges west of Douglas it is 
dark gray to brown on weathered surfaces. At Beaver it underlies a 
broad synclinal valley mostly filled with Chadron and Brule formations. 
On La Bonte creek, a mile northwest of Springhill, the formation is about 
700 feet thick and includes sandstone, red shale, and cherty beds in the 
lower portion. At the base, under 20 feet of limestone, is a 3-inch bed 
of conglomerate lying on 15 to 30 feet of disintegrated granite. On 
Muddy creek, where the basal sandstone is thin and either locally absent 
or faulted out, the limestones are 300 feet thick and the top sandstone 
nearly 100 feet thick. 

Bates creek to Sybille creek About 3 miles northeast of Freeland the 
Casper limestone bends around the northwest point of the general anti- 
cline of Laramie mountains and trends southeastward to Laramie river 
and beyond. It rises mostly in a line of monoclinal foothills, but a short 
distance north of Laramie river it is deflected westward by two promi- 
nent anticlines extending out of the Laramie mountains. The formation 
is mostly limestone 200 feet or more thick lying on a small amount of 
sandstone and overlain by gray sandstone (Tensleep). At an exposure 
5 miles north-northwest of Marshall 100 feet of the lower beds of the 
limestone contain numerous cherty layers and are separated from the 
granite by 30 feet or more of red shale merging down into a foot or two of 
sandstone. This red shale strongly suggests the basal member of the 
Amsden formation. Near Marshall the basal sandstone is only a few 
feet thick, but brown and hard. The limestone here is only 200 feet 
thick. From this region to a point west of Garrett the upper sandstone 
member becomes conspicuous, with a thickness of 100 feet and the charac- 
ter of the Tensleep sandstone. It is quartzitic and rises in prominent 
knolls. It also appears at intervals south to Sybille creek, but is thinner, : 
becomes reddish in color, and in places carries intercalated limestone. 
Near Sybille creek the base of the formation is faulted out for some dis- 
tance, so that only 80 feet of limestone remain; but farther south the 
limestone is seen to be 250 feet thick and separated from the granite by 
20 feet of pink sandstone. I believe that from Casper mountain south- 
ward the basal sandstone is a shore deposit of the Casper formation lying 
on a sloping shore of pre-Cambrian rocks and rising progressively higher 
in the formation to the south. 

Shirley-Freezeout uplifts—Carboniferous and associated rocks appear 
around the southern and eastern ends of the Shirley hills and in the 
southern part of the Freezeout hills, but in the greater part if not all of 
the area they can be divided into several formations. There are three 
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principal members: An upper sandstone, doubtless representing the Ten- 
sleep sandstones; limestones averaging about 200 feet thick, apparently 
representing the Amsden and Madison limestones; and.a basal sandstone 
which in the western part of the area probably represents the Deadwood 
formation. The Tensleep sandstone is especially conspicuous in a high 
peak 5 miles north of Difficulty and in the anticline just north and north- 
west of Difficulty. It appears also in two anticlines east of that place 
and in the “Flat Top,” a ridge 5 miles north of Medicine Bow. A sec- 
tion measured by Mr Woodruff, 2 miles southwest of Shirley post-office, 
is as follows: 


Section on Northeast Slope of Shirley Hills, 15 Miles Northwest of Difficulty, 


Wyoming - Feet 
Sandstone (Tensleep) ................-- Giese yale ear av djetel Sualens 125 
HFIMESTONEMELOSSINIETOUWS)) cs cccecccsccccsscscsscccsececes 80 
edeshalen(basalmAMSGeM 2) cc ccc cc cee cet cess sees ccs eee 25 
Limestone, hard, massive, fossiliferous (Madison ?)....... 75 
Conglomerate, some limestone pebbles.................... 200 


Granite. 


On the south side of the same uplift, at a point 9 miles west-northwest 
of Difficulty, the rocks under the Chugwater red beds are 150 feet of sand- 
stone (Tensleep), 200 feet of gray limestone with some sandstone and 
purplish slabby limestones, 40 feet of red shale (basal Amsden ?), 400 
feet of limestone resembling Madison limestone, and 30 feet of sandstone 
and conglomerate lying on pre-Cambrian. Near longitude 107°, on the 
south side of the uplift, the basal sandstones are 100 feet thick. South- 
east of Leo the Tensleep sandstone is underlain by 55 feet of limestone, 
shaly in the lower part, 80 to 100 feet of red shale, and 110 feet of hard 
limestones. The latter are separated from the granite by 50 feet of hard, 
brown, cross-bedded sandstone, conglomeratic in its lower portion. 

Laramie basin—The Casper formation outcrops along the east side of 
Laramie basin, and near Laramie it extends up the long slope to the sum- 
mit of Laramie mountains. It occupies the south end of the basin and 
extends to and along a portion of the outlying ranges of Medicine Bow 
mountains as far as Laramie river. Farther north it is cut out by the 
great fault, but a small area remains west of this in Centennial valley. 
The formation is over 1,000 feet thick near Laramie, but it thins to the 
southwest to 500 feet on Sand creek and 608 feet on Red mountain. It 
is 850 feet thick in Centennial valley and 1,000 feet on Laramie river at 
the Colorado state line. Northwest of Laramie the middle portion of 
the formation is mostly limestone, but farther south most of this rock 
gives place to sandstone in part of reddish color. The principal features 
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of the Casper formation in the vicinity of Laramie are illustrated in a 
well exposed section in Gilmore canyon as follows: 


: 
| 
4 


Section of Casper and associated formations, 8 Miles Southeast of Laramie, 
Wyoming 


| Feet 
i Porelle Limestone’ ss vere sx .05. Sede eoaoveneus ene iehete natalie erekete eee 20 
Satanka red shale, some red sandstone................. 232 
Sandstonesattopioh Caspers eer ee seer eee ears 2 
Red shale, with occasional thin beds of white and red 
SadStome ae hades ake ene 120 
Red» to, buff Sandstone: ac.% os. Ps sepsis Hele Sasietners «eects iene 65 
Limestone ((ossiliferous)) acer eccrine ere 8 
Upper “monument™ sandstone: =. 2 eee see o ae 45 
JF Eh UME RO MEH OWiGn ag sega sonneccooddatannoosanoesoc 2% 
Lower “monument” sandstone, red..................-- 78 
Massive lumpy s limestone jae = eecieio te cieie ieieneneretaekere rere 20 
Reddish) soil) (rocks: concealed). 25.) 2c eee eee 33 
RE SAM GStOMe: risk eek he ene ered Ro ce ee 92 
| Heavy bedded limestone, Spirifer cameratus............. 24 
| Salmon-red sands and fine-grained sandstone............ 120 
Purple limestone: ; .issciiie< see cipieereie = ster otouslenereleuensrevoietctels 4 
Concealed (Shalem) irerereratcrsretererere ietere leven teltanerer ieikevereten cere 110 
Bimestonewerinoidestemsee a eeenneeeeeee Cee rine eee 5 
| Olrmresilral, (SMAI DG cdacascauaucusouaccesdscdessacousr 45 
Sandys purplishphimestone ws -cemeeeiee ec eee eines 15 
Concealed Cshale™ 32). o ae Gaweiees nies vernl oe. shay otationas wrotseveversvereker ore 50 
Sandy, purple, thin slabby limestone.................... 3 
Coneéaled: (shale 2) sei tae hic Satis thepancesres sasyetheruleesuccorsiene 15 
Slabby, purplish, sandy limestone....................... 15 
Massive, shelly, cross-bedded, purple, sandy limestone.... 25 
Concealed, probably red shales and sandstones.......... 90 
Purple; sandy. coliiG limestonese. eeieeieieieeeeeieieeieioe of 
= Massive, red arkose and conglomerate (one-fourth inch 
DEDDIES) oe foisssye wee srepever ele os easy weloreepehabe oleh oketete le lonereis ores take 20 
On granite. : 
01 2 Seen er ent ie Men mic EPMO Sto HOA Oe 1,259% 


This section exhibits 12 beds of limestone, from 1 to 26 feet thick, sepa- 
rated by shale and sandstone. The lower sandstones are prevailingly 
arkosic and occasionally conglomeratic. The limestones are usually erys- 
talline, often sandy, and range from purple to white in color. The purple 
limestones near the base of the formation are noticeable for many miles 
along Laramie mountain, and usually they yield the lowest fossils. The 
heavy bed of limestone in the lower middle portion is especially conspic- 
uous in Cheyenne canyon, 6 miles southeast of Laramie, where it lies on 
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The monument is red sandstone; height, about 30 feet q 
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bright red sandstone underlain by gray sandstones over 100 feet thick. 
At the big spring east of Laramie there is locally a 6-foot bed of pure 
limestone at top of Casper formation which is extensively quarried. 
In the southeastern portion of Laramie basin the limestones become a 
deeper purple, more sandy and thinner bedded than they are farther north. 
A short distance south of Laramie red shale and arkosic sandstone are the 
prevailing rocks, and the limestones which do not disappear persist as thin 
beds in the arkose to the Colorado line. In the slopes south of Laramie 
there is, about 350 feet below the top of the formation, a sandstone mem- 
ber about 200 feet thick, divided into three ledges by thin limestone beds. 
This sandstone is fine-grained, massive, cross-bedded, light red to salmon 
colored and weathers into fantastic forms or monuments, some features 
of which are shown in plate 26. The diminution in number and thick- 
ness of the limestones to the southwest, as well as the thinning of the for- 
mation in that direction, are shown in the following sections: 


Partial Section of Red Beds in the Vicinity of Pulpit Rock, on Sand Creek, 
9 Miles Hast of Red Mountain, at Colorado State Line 


Feet 
Wavy, gypsiferous limestone) .,  _—s_,_—s (24. sw ees Z 
Red shales with aragonite... ; ES he ang 100 
Wavy, gypsiferous limestone (Forelle ?).............. 4 
Light buff sandstones and shales...................-. 100+ 
Flaggy to massive, light colored sandstone............ 30 
EME ONS (mA: ON) can ooodcucoduycdoobnodoUD edo 1 
Massive, fine-grained, red, monumental sandstone.... 40 
Shale, arkosic sandstone, and conglomerate........... 40 
Casper..... Heavy, blocky limestone; forms slope in this vicinity... 5 
Sandstone, arkose sands, and conglomerates.......... 170 
SAIC SHOE Pere eeteaireieraist el niel ele cl cj slceisclie cin elmuapelle ele evelene) «sieve 5 
Arkosie sandstones and conglomerates...............- 80 
LNTEMOD® > coeos eed DODD R ODD OOo Aan n No otC corres 2 
Arkosie sandstones and conglomerates................ 25 
Ths $48 Seen See OR TCDS oe eer 604 


Section of Red Beds at Red Mountain (condensed from W. C. Knight's Section)?® 


Feet 

Red sandstone and shale...........-.seceesereeesees 675 

Gray, wavy quartzite (gypsiferous limestone ?)...... 5 

Chugwater. Redushale and) Sandstone. .. 2... -- 25. cc0es sores escnss 100 
Red clay and gypsum, with aragonite crystals........ 20 

Soil fagosin soqonuqcobo db o00 dono UO oO CUGOODOUOOCoodE 50 


® Laramie Plains red beds and their age. Journal of Geology, vol. 10, 1902, pp. 418- 
419, 
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Feet 
Forelle..... «.. Kossiliferous: rock: cc .sime aches teen ere oat 4 
Gray ,sandston@cs Sac Ge ee eee eee ee a 20 
Red: Sandstonés: 2... 5:25 55.2 ies wiser ets une ease eee oe 15 
Interval non Over: son eeeeleee eee Boe rereo cine 50 
Red -SAMASTOME ates sp lreneie Seeayeke sicyebere eae Neo cus eae Rerenaete 152 
Wihitertomedsishalyasandstoneseeesne nee eee 96 
Reddish, fine-grained, “monument” sandstone......... 52 
GESIIEE 22 5 2 Shelly. drab ulimestones ee ae: eee eee 24 
Red sandstones and conglomerates............. Sees eis 124 
Red to gray bedded sandstone, with plants........... Pepa 
Light to red, coarse sandstone and conglomerate...... 166 
Draby caleareouss Sandstoneseeee en eee eee ee eee eee 13 
Light gray to red, coarse sandstone and conglomerate. 86 
Granite. 
et (0: (20 eee eee en CNC RPC AG ca eis o eOOR Goat aoders 1,6404 


The lower portion of this section was measured on Sand creek near the 
Pulpit rock. 
Another section, by Mr Siebenthal, is as follows: 


Section of Casper Formation on Red Mountain 


Feet 

Fossiliferous impure limestone (Forelle—overlain by 67 feet 
of gypsum at base of Chugwater formation)............ 1 
Buff shale and calcareous sandstone........... Frere sual SOs eae 9 
Massive; slight sandsStones.ic-qrciaeee cece reece F 50 
White, arenaceous shale and a little soft sandstone....... 55 
White, soft, massive sandstone.................e.--0- Boe 18 
White, aremaceous: -SHale sii. eccieiere cous ene sucnsiererensticnerenste sieietereemes 20 
Red, arenaceous shales and thin, flaggy, red sandstone... . 90 
Pink to white, massive sandstone, Some arkose............ 39 
Red Shale ata os 05 e/eviavene tate Mises eres ts, Shere vars Ravenel tebe areas eae 6 
Sandstone. .ji< sic .caweine outanueeerers eters arrenshehe tuck enetonekeree ens 3 4 
Red shale, sandstone and shale, limestone nodule horizon. . 161 
Concealed red beds, shales, sandstones, and arkose........ 155 

Granite. ; 

of 0 2) ene eer ces ROSE re cel AT ala Aime Gh 608 


In these sections only two limestones remain, and they are inconstant 
and impure. 


East slope of Laramie mountains—TIn the eastern front ridge in 
Wyoming limestones predominate in the Casper formation to the north, 
but much reddish sandstone is,also included. Farther south and in Colo- 


- rado the formation changes into red sandstones, constituting the “lower 
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red beds,” or Fountain formation. The following section shows the 
components at the Colorado state line. It was made by Mr Siebenthal: 


Section of Casper Formation along Colorado-Wyoming Line 


Bright red sandstone and shale (Chugwater). Feet 
IMGeeayY lorie COANE. 6 Ho oee DoD DOC OO UUOnE OO SRO on OB Or oe 8 
Oe lcyam UN CSLOMC Mere ieteclelelsclelelele) «.s)sia\e «ie. o\*<ies1e s/s « sieie ce = oles a 
Red shaly sandstone............ Pe ayoraetens alien cltchey's: evar ueveneteres al 
Alternating shaly limestone and Clay...................6- 11 
Massive pink dolomite; shows bedding when weathered.... 35 
Salmon-colored Samdstone ..........csececcccrccccccvcces 5 
GTM CSUOM CmmetariorcreichsVorcis cele cicleisic\ tise cuels eis 6 estas cee seeawaes 2 
RVCMMSANUSTONERANGESHAIO. cscs cic cicccc ccs secsctecsceccoes 53 
INTE SOM Cummins tet ete) siecle Gucisisys sive sere as oe secs eeeescaedies 10 
VCC MS CULO R meatrercdevencysy-Uelcie) cilccelsielsis isis obie.e esvacsiste se vise Ss eee acre 10 
LNDIOSODE 5 o0005060.56.05 OCU CO OCOD ICC E CRC I Ian aon ae rece 25 
IRGC! CACO sodosbo cot COD OC COE OC DOE CCE cries 15 
MESS OMIT CS LOMO Mr eyes) selec) «sie s/c s/s eos iel ele ele sieie sles sVielsis esis 10 
WomCeal ed Meare rete ere eerie ie 6 Assis w dior) suoueie-e oie sieeve e a:tyeleve ets 110 
BS UteOROITEMITMESTON ES wicielee cicisie..¢.c ce ceive e eve cies e vee eisisies 35 
VETS eTIUAS SVMS AMM SLOMC secre ycierelareie aicieielec cise vere oe sie cise sic e 80 
ILIDIONOMN® coovpoddiends 0000 b CO COO TDCI Ieee eI 10 
Bitte towed massive SANGSTONE. «.....0..c 2c ccc cece ncecscs 70 
BTTUSH ELON PUTED IUISMMINMESTOMC. 6. c.c.c 5 occ ce sce cic cess sees ce 34 
Salmon-colored, massive sandstone, fine-grained........... 25 
Dark brown, coarse-grained sandstone................-... 2 
Burplishw lumpy, Limestone’ ccc 3... sc. cas cenccesciecscds ss 4 
Bite aAcOSCTCOMPIOMETALCcyciei-is oc 1es s clocis ore ese teecisansies 6 
Darke prow COATSE SANGStTONC@. 2... c0.cccecescresceonsecns 6 
Massive, shaly, purplish limestone..................200-- Py 
Limey sandstone and sandy limestone....................- 5 
Comesnietl, SMe? ssé5c0cc DR Oe RO GO ee Creer riers 15 


Purplish sandstone and arkose, with limestone cement and 
lenses of limestone 


2 0.0.00.0 POUR CEE OOO orC CO Oree 4 
Concealed strata to granite........... Sic ats eve afeveray erie ereterorere 180 
IUOBU coe Octo SOR ON OCCU DECIDOE COCR DISTR an OSCE nae 797 


On Duck creek, 4 miles north of the above section, all of the Casper 
formation is exposed excepting an unknown but probably small amount 
of the upper beds. The following section was measured by Mr Sieben- 
thal at this locality : 
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Partial Section of Casper Formation on Duck Creek, 4 Miles North of Colorado- 
Wyoming State Line 
Tertiary. 


Feet 
Massive (Colom rere cre cese ioe etn eredeveneo ei etaeie ait releneaeioiete orener 10 
Gomee@alled)) co .ciaicisccisetccpetd aie cote ieee geics oteite Geet sminte ose enevenenetr tee 28 
Pink SanAStOMe’ Bei Teese stern eretoisnetote) hele touctetefetee heer me e ae 4 
Goncealed! ps5 Lose vials «toss lotose fe Hlewe otek en enero omer 47 
Binkgsand Stone ela aeee ener eee eee 8 
Wihiitie limes tome scrape ana ooo sci ane Geena tenets oiemoneeterer tate 10 
CONnGeATER. Bc ausdieleiniecetens ere ignalate celevayetene ehanete onetakers siete chats 10 
REG SAM AStHOME eek asco eee cis Selineteea tae neater iey tale eheyeioens : 5 
Massive Simestomerckaciecusw Gist tee ee eetederettceter ternreretenene 15 
Concealed shale, perhaps with lenses of limestone..... epee 95 
Massive limestone? sciecverecverdesetetekoretetete olataickekehonchet ter terreno 15 
(OforaKe sys Mee rar nemo E ECO rm Pim erre)o Coto OE bUn oS ORC 25 
Purple IMESLOME: eic\Sisc.c wit 2 Stores ieteereietaleterereveretetctatenererehatel 25 
Macey sredesamdstomemacnteciettccrsicicua sersistcnereteetetenstoketataneteyot= 17 
Purple: WmMmeshomes 2c cicisye evens cus aictoteletateruereterer ornerneh ter erstsonete 12 
SHAM1C? soos rece oe Gk Sees CIR ee ISTO CCL ear Ghee erate 19 
ESIMESTONME cas oye a sees ences cove cree seaiev aches a tebatarsrceerey stevenecereraicae 25 
Sa soe se ete cee elec seein ce rersrio a a ae Tea eR TS ere Ie eee en Meotrotoaenet 3 
EjUMOStOME 560 Sys5 33 d,s eSiave eres ei ousuny os oenot en Matohepeenerotetononerera ete 4 
Sha1e Siege cies cose die cea eves ee ered tae lode Ghee etee feieens 3 
Purple. limestone: asp. che as ejs: erie recente oj wel etevene allele toe lelle oer stetever = 5 
SJ 000 (ene eee ee Ree tC IMIR IEEE ors Che asia dercina GG 8 
Purple: limestone: (i .4i5. ess ol prere a deere tere a ioenet or eene erences ere 10 
pS stHKamy (ha) lorena aereheee ere Sire a CAIs oA SS Satis alot cio. crce. Mania ecia.o cot 50 
Biriestonec 2h) sek 2 See ee ee 3 
Shale: i. soe wie Sd wie hictencins Sie eile eestor ee tere revere believer volopeuene eters 8 
Burplersan dy Wimestomes cence eee aieicionnieiteriereeeiene 6 
Shale (C2) isa seks RodonvUDDOROdYbUOODAUECUOOPCSOKO NSN 58 
Blue tospurple limestones a-cteyeeiiee tee clei ee eer ere 2 
Concealed, probably red shale and sandstone............ 180+ 
Gneiss and schist. 
TRotalli.ccrjercasssieterats bicdhd Sin ee ee aheaats Sale sae ateboterselisse 720 


The Casper formation crosses the Union Pacific railroad just east of 
Granite Canyon station, but owing to extensive overlap of the Tertiary 
the exposures are not complete. In the isolated butte a mile northeast 
of the railroad the following beds appear, probably representing very 


nearly the entire thickness of the formation. They were measured by 
Mr Siebenthal : 


nN ae 
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Partial Section of Cusper Formation a Mile Northeast of Granite Canyon 


Station 
Ireet 
WNL CMINTTES EON Carcrrarctelercdicle ciicic isis /etcislc cvs siclesasleiescielew eae us 10 
IME AIL CLC OE CUowen eters ciavetalc ies si sic)cyaliereiele\ ells) eo e(el's)s cia) ois) sue @ eye 40 + 
RECEOrSPULDIISH HIMEStTONE... 66 .ce ccc cece went sceswes 104. 
IRGil SHMGSIONS con Scécc00G0uUOUDDE CODES BOL DOOOOOoOenoe 30+ 
FVCUMIINTES TOME Mery aitioteis is etcisiis\ sisters s sisisparelee 6 e600 ces see ees 10 
FVCMmALETIACCOUST SHOAL caiccis creeds cee c esis vas ness eae oe 30 
NVA OLOMIMULTE MIIIMESTONE cos cee selec eed ec ce nec ncess 10 
Red shale, grading into limestone toward top............ 64 
Whiter olomitie WMESTONe. 0.556. ce sce ee ccs cece scaes 70 
FVCCMES ANC SUOMC Weer rapetael «state, cenicciejs ays viclsieseciee es das ee ee es 18 
ROAM M NTN SOTO Brralefarey ayepacc.e) ciaicreie ay seisials <ieis oes) sie ee Bie o ehe ele +f 
PERCG ES FUtd CS TOIT Ubatete nets fey ote, che) cl alas) she: sie! brea ave/ sietare 010 610 6 0 'avere 19 
IR@ul SWANS Us oo ¢'od 5:0 300 SO Se RCE ee eae ge 10 
Shelly monumental red sandstone...................... 10 
Med aod! Sarthe INES nO pee 47 
MASSIVeGmWINTEERIIMESLONG. = occ. sce seca esesceseeceacs 65-95 
INGO! SULIT 3's o6deo wea NOG 6 COD DO SO eee eee eee 45-15 
LT OSIOING” 6 - 14.6 do 610 DO OC OOD RO CROC REE aR Crea etn aes 43 
Sct Smee Tere recl) syceciceine sc cvecls acecet near oeves 17 
PiMestone Mostly: Some Shale. 2... ccc. cece see ces cses 70 
FREOMIMASSIVE SATA OSUOME slo 01s) 0 ree ciais tele ss siesiieis eves anes 23 
EVE CaS HIE livam NMA CSLOMMG ereveyetolarsy seteie|ol «ic. = \elc\= wie «  o/eieleelere wielers exe 85 , 
VMTN AS SIV EW LUTTCSEODC! co=\< ie © 0121s «e101 014/010 9/0 oeine.e .c/els overs 12 
EVE OESHE IiivamlINCSTON Enterta ceverece «6:0 occ eccieis cieieieeiseees os epee es 10 
Concealed, probably shale, to granite................... 43 
GNOUEIS 2 So.cie COCO CE DID DO CGE CIC Ine ieaeeae 795 


Section of Casper Formation in South End of Table Mountain, on North Fork 
of Crow Creek 


Feet 
MASSIVE mVWHINCCE LIM ECSLOM Orcs cco sis os osc vices cc cecccavs cis 30 
Purple limy shale and flaggy limestone................. 50 
IDMTTOSOUE. Weietay 7 63055 SOB DOC D eee o OU CneCniCOOoOoC ar 10 
SON VAI CSEOMCctcle cic cicisiels sc v0 sce ccc ccc cece ccccee 10 
EI LCM TT CSHOM MUN Teter tet letel el cise ais. e)cie vo leis svesiee es cise 40 
Heavy-bedded white limestone................-eesecseee 40 
Red, cross-bedded, massive sandstone...............+46: 20 

VARI E STON Opera ae cele clele ereieiejc be.cle oeeisine e0.9.6)0.5 53 010 1% 
FRC OMUORDUEDLOMNIMESTOMC. oc.crc.0.si0 ccc ec ces ce cee cect eewaes 6 
INGO! SRMOCRMIOMS® .cocebulgo CODOC OD BOC OOOO ODOC OmCICCeIooras 36 
IES ON CMP NIT evcie coon cidicis sinie sisictsis sielsiseeeeeceeaewee 2 
Ere mur pLe IMM) SANGStONE. ..- 660026 cence cence css wne 20 
SGiti Pad SRIMNIISTONE. 24 sQoou sob one DUNE OL COMODO DO UrOnhe 20 
PACU PLM IM ESTOMC em susicisieis cree ¢e.sis + cles eslec ese stale ee 6 
ECCI CSLOM Om eetete ey icisvets creitiche cisiel eiciclc/ve 0), cle s'e clecleeue.s 50 
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e Feet 
White ‘limestone (225.5 234)... osama cee nei nies 10 
Concealed, Gebris:Slop@ac.cccccec «irs oicleis 0 ele exeleyareioveievers foils 150 
Arkose conglomerate and red sandstone................. 24 
SHAS 5 secs OS cicle ow awierere Sele eo ee eevee orto eeete tere ale 
Red flaegy SamdstOnes ace ox sieve croleners a casterstostercrones mtertetetsinate 15 
Parti-colored:Shales! ay s.ces.¢ averse wie tle eleva yore uae yas eestor oneners 10 
Caleareous sandstone on schists.............-.-..--s--- 4 
NOGA Ss ssavers woreveyeieions sets eys cies iehoreretersya tele rostereoteveretarererate 571% 


On Lodgepole creek there is gradual increase in the proportion of lime- 
stone in the Casper formation while the total thickness decreases to 500 
feet or less. On Horse creek the basal beds are sandy limestones and 
near the middle of the section is a 30-foot bed of reddish brown sand- 
stone. The main body of limestone is overlain by a 40-foot bed of red- 
dish brown, soft sandstone, and then follows a succession of 5 feet of mas- 
sive, white, hard limestone and 20 feet of very pale red sandstone. The 
latter is succeeded by red shales and sandstones of the lower part of the 
Chugwater formation. ‘The Casper formation in this region is shown in 
plate 25. 


The following section was measured for me by Dr W. 8. Tangier 
Smith: 


Section of Casper Formation at Iron Mountain Station, Wyoming 


Feet 

TsIMESTOME |< ooo toes cn eiakelevarars oteae here Recomm ee neers ioe Syateveonsiete 5 
Reddish sandstone: 2A 0-fscie rete sccevee see ee, eile el clei ee 15 
TMCS LOMO. 5s nish ore wie tavsi vv cheh eee SOIT eee e eID e Oe 40 
Red: Sandstone. s.acicis:csere cats ool retelalstensters se eieiereros rsa alste voice 25 
Massive lim eston@® 93/215 care oeteccseve cucrortterseole roan eae ee 135 
Reddishiquartziticssandstone--- eee eee ee eee ere Eero 12 
Massiveseray limestones -2 cnc ee ee ee eee eee ee 40 
Quartzitic red sandstone and conglomerate...............- 25 
Compact limestonG, jicinrmene een cee Coe oes 25 
Red coarse-grained sandstone and medium coarse conglom- 

OLALE! 6a aleykis'ste,tjo%e cic lee le eeeteis eomieedets etre oe Coes CEE 25 
Conglomerate, quartzitic, light colored...................- 10 
Granite. 

otal! or2cteteienee stereos orb en pore eerie Ae DEE eee 357 


Fosstls—The Casper formation has yielded but few fossils. In the 
24-foot bed of limestone in Gilmore canyon, 8 miles southeast of Laramie, 
a single Spirifer cameratus was found. The 8-foot bed of limestone 270 
feet above yielded the following species, determined by Dr G. H. Girty: 
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Derbia ? sp. Buphemus sp. 

Aviculipecten occidentalis. Bellerophon crassus. 

Aviculipecten 2 sp. Soleniscus hallanus ? 

Myalina permiana ? Murchisonia aft. MW. terrebra. 
Pleurophorus ? sp. Tainoceras occidentale. 

Schizodus sp. E Nautilus sp. 

Schizodus meekanus. Orthoceras sp. 

Patellostium montfortiannwn. Ammonoid indct. 


Doctor Girty regards this fauna as very closely related to that of the 
upper part of the Pennsylvanian division in the Kansas section. 

There were found in limestones in the middle of the formation, on 
slopes of Laramie mountain 20 miles north of Laramie, Productus semi- 
reticulatus, P. cora. Archeocidaris sp., and Pinna sp.; in the upper lime- 
stone 2 miles east of Laramie, Bellerophon sp.; in the lowest limestone, 
on the mountain crest 6 miles east of Laramie, Mekclla striaticostata, 
Spirifer cameratus, ? and Bellerophon sp.; in the upper limestone 9 miles 
southeast of Laramie, abundant Orthotetes sp., and in the lower lime- 
stones, at head of Gilmore canyon, 9 miles southeast of Laramie, Spirifer 
cameratus. ‘These were determined by Dr G. H. Girty, and are all Penn- 
sylvanian. 

Mr Arnold Hague, of the 40th Parallel Survey,’® reported distinctive 
Pennsylvanian fossils from localities on Sybille creek, Cheyenne pass, and 
at a point 5 miles northwest of Sherman. The two latter are southeast 
of Laramie. At the first place the fossils occurred in 200 to 300 feet 
of limestones about 200 feet above the granite, the second locality was at 
about the same horizon, and the third was the basal limestone lying on a 
thin mass of lower red sandstones. 

In the lower portion of the limestone of the Casper formation, in Twin 
Squaw butte, 17 miles northeast of Iron Mountain station, the following 
species were obtained: Chonetes mesolobus, Productus cora, Squamularia 
perplexa, Seminula ? sp., and some ostracods. 

Hayden" reported Athyris subtilita from cherty limestone of the Cas- 
per formation on Boxelder creek, and Hemipronites crassus, Productus 
nodosus, and Myalina perattenuata from the blue limestone over very 
cherty limestone on La Prele creek. Spirifer centronatus and Strapa- 
rollus utahensis, obtained from cherty limestone on red shale at base of 
Casper formation, 7 miles northwest of Marshall, are Mississippian forms 
probably indicating basal Amsden beds, which belong in that division. 


1 Geological Survey of the 40th Parallel, vol. 2, Descriptive Geology, pp. 76-77. 


1 Wourth Annual Report, U. S. Geological Survey of the Territories, part 1, 1871, pp. 
23-25. 


430 N. H. DARTON—PALEOZOIC AND MESOZOIC OF WYOMING 


Correlation.—From the general composition and stratigraphic relations 
of the Casper formation, it is believed to represent the Amsden and Ten- 
sleep formations of the Bighorn and Wind River regions, the Minnelusa 
formation of the Black hills, or the Hartville limestone of the Hartville 
uplift, but the precise stratigraphic equivalency and limits are not appar- 
ent. The persistent red shale, which appears in the basal portion of the 
formation in the northwestern portion of Albany county and rises still 
higher to the northwestward, doubtless represents the basal member of 
the Amsden formation, and if this is the case the underlying limestone is 
Madison, which can be separated by future detailed field work in Carbon 
and Natrona counties and perhaps also in Converse county. Although 
the upper member of the Casper formation is a massive buff to white 
sandstone, supposed to represent the Tensleep sandstone, this is not every- 
where separable from the underlying members, notably in the region south 
of the latitude of Laramie. As the lower portion of the Amsden forma- 
tion is Mississippian, the lower part of the Casper formation also extends 
into that division, at least in the region north of the canyon of Laramie 
river through Laramie mountains. As there is overlap of the higher 
beds to the south, it is probable that at the latitude of Laramie, and even 
for some distance farther north, the Casper formation is entirely of Penn- 
sylvanian age. 


TFORELLE LIMESTONE AND SATANKA SHALE 


In the vicinity of Laramie the limestones and sandstones of Casper for- 
mation are succeeded by about 200 to 232 feet of red shale capped by a 
thin but conspicuous and persistent bed of limestone. For these the 
names of Forelle limestone and Satanka shale are proposed, from stations 
on the railroad a few miles south of Laramie. 

The Forelle limestone outcrops along the west slope of Laramie moun- 
tains from about 5 miles south of Red Buttes to Howell, and apparently 
also at Boswell spring, 23 miles east of Medicine Bow. It varies in 
thickness from 4 to 20 feet, and gives rise to a low ridge separated from 
the main slope by a shallow valley excavated in 200 feet or more of 
Satanka red shale which underlies the limestone. The outcrop is a short 
distance west of the great springs 2 miles east of Laramie, and it crosses 
the railroad at Forelle and Red Buttes. In places the limestone is fossil- 
iferous. Locally it becomes gypsiferous and southeast of Laramie a 10- 
foot bed of gypsum occurs in the red shales a short distance below it. In 
the railroad cut just south of Forelle, where the limestone is well exposed, 
it is heavily bedded, quite pure, and nearly 20 feet thick. To the south, 
near Red Buttes and beyond, the rock becomes gypsiferous, varies from 
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massive to thinly lamjmated in structure, is locally brecciated, and it 
splits into several beds, some of which give place to shale. At the plaster 
mill south of Red Buttes the underlying Satanka red shales contain two 
beds of gypsum about 25 feet apart. One bed 15 feet thick is now worked, 
and another one, 10 feet thick, was formerly worked. The limestone is 
hidden by alluvium in part of the region southwest of Red Buttes, but 
an outcrop occurs on Antelope creek, halfway to Red mountain, which 
yields the distinctive fossil, Myalina perattenuatus, that occurs north of 
Laramie. It outcrops again farther southwest, on the west side of Sand 
ereek and in the Red Mountain region, where there are no underlying 
Satanka red shales and the limestone hes directly on Casper sandstones. 
Apparently it is this bed that immediately underlies the 67-foot gypsum 
bed in Red mountain and yields the numerous fossils discovered by Pro- 
fessor W. C. Knight.*? On the northwest slopes of Red mountain this 
limestone appears under the gypsum and, although thin, yields distinctive 
fossils. 

The Forelle limestone contains fossils in small number throughout its 
course. On the east side of Laramie basin the only species identified is 
Myalina perattenuata, and this appears to be characteristic. The sup- 
posed Forelle limestone, lying just below the gypsum, on the northwest 
slope of Red mountain, afforded Aviculipecten occidentalis, Myalina perat- 
tenuata, Allerisma terminals, and Schizodus compressus. In the section 
on the east side of Red mountain this limestone consists mostly of casts 
and impressions of fossils which were discovered by Professor Knight in 
1902.*° According to Doctor Girty, they comprise the following: 


Solenomya 0, sp. Pleurophorus aff. P. taffi. 
Deltopecten manzanieus. Dentalium canna. 
Deltopenten corevanus ? Orthonema ? sp. 
Schizodus meekanus. Mevalima perattenuata. 


This fauna is late Pennsylvanian or possibly equivalent to the lowest 
limestones in the so-called Permian of Kansas. 

The Forelle limestone is separated on account of the Carboniferous 
fossils which it contains. If it were not for this evidence, the limestone 
and underlying Satanka shale might be regarded as a portion of the 
Chugwater formation, for near Laramie and Red Buttes the stratigraphic 
succession is strongly suggestive of Minnekahta limestone lying on Opeche 
red shale. The latter limestone occurs on the east side of Laramie moun- 
tains and in the Black hills, and contains “Permian” fossils in the sense 


13 Loc. cit., p. 419. 
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in which the term Permian is used in the Mississippi valley. The Forelle 


limestone may possibly represent the Embar formation. 


PERMIAN-TRIASSIC ? 
CHUGWATER RED BEDS 


General relations —The Chugwater formation ranges in thickness from 


900 to 1,200 feet and consists of sandy shales or soft, massive sandstones, 4 


nearly all of bright red color. Gypsum deposits occur in most places. 
There are extensive exposures along the lower northeastern slope of the 


Wind River mountains, in the Owl Creek, Bridger, and Rattlesnake up- 4 


lifts, in the flexures south of Casper and Douglas, about Alcova, in the | 


Shirley and Freezeout hills, in the anticlines north and east of Medicine 
Bow, and along the east side and across the south end of Laramie basin. 
It appears also at intervals along the east slope of Laramie mountains. 
In the greater part of the south-central Wyoming region the Chugwater 
formation lies on Tensleep sandstone, but in the southern end of the 
Laramie basin it lies on red beds of the Casper formation, from which in 
places it is not easily separated. 

Wind River uplift—The Chugwater formation outcrops along the 
northeast slope of the Wind River uplift, excepting for a short distance 
near Dinwoody lake, where the Tertiary overlaps across to the older rocks. 
It also appears in three areas along the anticline which passes east of 
Fort Washakie, Lander, and Dallas. In this region the formation is 
about 1,250 feet thick, and consists mostly of red shales and red sand- 
stones. The upper beds are pinkish and contain much gypsum and lime- 
stone. Some of the sandstone beds are 50 feet thick and in part of gray 
color. On Sage creek, west of Fort Washakie, the formation is the same 
as at Lander, but has 4 feet of dolomite in the middle. South of Circle 
the formation has at top a ledge of rusty sandstone for a short distance. 
Other ledges of sandstone occur below. 

Owl Creek uplift—The Chugwater outcrops extensively along both 
sides of the Owl Creek uplift, and it appears again in Thermopolis anti- 
cline. Exposures of considerable width extend along the south side from 
North fork of Muddy creek to Black mountain. The thickness averages 


800 feet, with but little local variation, and the rocks do not vary greatly - 


in character in different portions of the uplift. Toward the top and bot- 
tom red shales predominate, while in the middle soft sandstones and alter- 
nations of sandstones and shales are the principal features. Near the 
base there is usually a thin bed of purplish gray limestone from 18 inches 
to 3 feet thick, and in some portions of the area two such limestones 


as 
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appear. A widespread sheet of limestone about 2 feet thick lies from 100 
to 150 feet below the top of the formation, and on the east bank of Big- 
horn river, 3 miles north of Thermopolis, it yielded many fossils. At a 
few localities, especially near the head of Mud creek and at the south end 
of Bighorn canyon, the upper portion of the formation contains a number 
of beds of gray to buff sandstone. To the west there is a prominent bed 
of orange-colored, massive sandstone overlain by a thick bed of gypsum, 
the top of which is about 100 feet below the top of the formation. This 
gypsum bed is 30 feet thick south of Embar and on Red creek southeast 
of Thermopolis and 40 feet in extensive exposures on Muddy creek. Near 
the middle of the formation there is usually a massive bed of pale red 
sandstone of fine, uniform grain. 

Rattlesnake mountains.—The Chugwater outcrop extends for about 13 
miles along the northeast slope of Rattlesnake mountain. The formation 
is about 1,200 feet thick. At the top are 200 feet of red shales and sand- 
stones lying on an 8-foot bed of limestone which caps a red wall. Some 
thin limestone beds occur in the top member and also toward the base of 
the underlying red sandstones and shale. No large deposits of gypsum 
appear.’ 

Casper-Douglas-Medicine Bow region.—In the vicinity of Casper 
mountain and the other ridges at the north end of the Laramie uplift the 
Chugwater formation presents its usual features, but near Douglas and 
Big Muddy the Minnekahta limestone of the Black Hills and Hartville 
region appears in its lower part with thickness of 20 to 25 feet. The 
underlying red shales (Opeche) are 80 feet thick and the overlying red 
sandstones and shales are 450 feet or more. Exposures are extensive on 
Muddy creek and its branches in the syncline south of Casper mountain, 
and in the high red wall surrounding the Haystack range. The Minne- 
kahta limestone is characteristically thin-bedded and of purplish tint. 
Highty feet higher is a 15-foot bed of cherty limestone, and near the top 
of the formation is a 20-foot limestone member, which gives rise to a 
prominent “wall” in the steep dipping beds on Muddy creek at the east 
end of Casper mountain.  Overlying this limestone are 20 feet or more 
of white to red sandstone; then a few feet of buff sandstones and shale 
with an 8-foot bed of gypsum. Hast of Muddy creek the outcrops are 
continuous to the Tertiary overlap south of Glen Rock. ‘The formation 
appears again for a short distance on La Prele creek just below the Nat- 
ural bridge. In this region 20 feet of Minnekahta limestone lie on 80 
feet of red shale (Opeche) which rests on Tensleep sandstone. Last of 
La Prele creek the red beds are covered by Chadron formation, but they 
reappear south of Douglas and extend up the valleys of Wagonhound and 
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La Bonte creeks, where the formation contains considerable gypsum near 
its base. Extensive exposures occur in North Platte river, in the big 
bend 7 miles due south of Douglas. In the axis of the anticline in this 
bend the Minnekahta is bared, lying on red shale of which 50 feet are 
exposed. Here the limestone outcrops in massive ledges, but it is thin- 
bedded. Its upper part is mottled dark gray, but at the top are 5 feet of 
more massive light colored limestone. The basal red shales, 80 feet thick, 
are exposed in the gorge of Wagonhound creek 9 miles south-southwest 
of Douglas, lying on dark Tensleep sandstone at top of Casper formation. 


Southwest of Casper the Chugwater formation consists of the following 
beds: 


Section of Chugwater Formation, 14 Miles Southwest of Casper, Wyoming 


Feet 
Massive, pale red, fine sandstone; some red shale......... 60 
Hard, ‘slabby, purplish limestone:: <.-5 54-5. -cse> elec 15-25 
Red sandstone and red sandy shale...................... 500 
Thin-bedded buff dimestone. <2. ¢ oe cee cess see eee pe 
Red “sandy Shale ssc) cite chance ar ote eset a eiete ered tevereioxe er eienenen- 40 
Limestone, slabby below, massive and hard at top......... 15 
Red shale (on Tensleep sandstone)............-...---+-- 30 


The hard limestone member near the top of the formation is a con- 
spicuous feature at the west end and south side of Casper mountain, about 
Alcova, and in the Shirley and Freezeout hills. It usually caps a red 
wall where dips are low or causes a ridge, as shown in plate 27, where 
dips are steeper. Near Freeland it is 20 feet thick and separated from 
basal gray sandstone of Sundance formation by 60 feet of red, massive 
sandstone. North of Difficulty it is 8 feet thick, but in northeast por- 
tion of Freezeout hills it is only 4 feet thick and lies on 10 feet of gray 
sandstone. North of the mouth of Medicine Bow creek there are three 
limestones in the upper part of the formation. A short distance farther 
west there is only one upper limestone, which is 8 feet thick and lies be- 
tween 250 feet of red shale above and 900 feet of red beds below. The 
latter include 3 thin limestone beds near their base. In the Freezeout 
hills these basal limestones give place to a 30-foot bed of gypsum. In 
the vicinity of Alcova the following section is typical: 


Section of Chugwater Formation Southeast of Alcova, Wyoming 


Feet 
Red: ‘Sandstone: iz 22, ctaj0c:0:5 Rieists s ebtole rte eels arate Oe 40 
Red shale and slabby sandstone; some buff.............. 125 
Limestone, hard, gray; caps “Red wall”’................. 20 
Red Shale sles cn eis cients coe oe eee eee 15 
Red sandstones 3.456 io ie aie oe on eee 10 
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Ficur® 1.—CuurcH Rock 


An outlier of red sandstone of the Chugwater formation in the southern portion of the Laramie 
Basin, Wyoming 


IiGurE 2.—LIMESTONE RIDGE IN UPPER PART oF CuuGWATER RED Beps, SOUTHWEST OF CASPER 


Ridge of Cloverly sandstone to the left; hills of Benton shale to the right. Looking west 


MEMBERS OF THE CHUGWATER FORMATION 
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Feet 

Sandy shales and sandstones, mostly red; gray sandy beds 
near base; much gypsum; chert nodules in middle...... 100 
REG SINR coe sooo e COCO UOC DAG COS CECE eine 60 
Limestone, gray, moderately massive..................... 8 
Red sandy shales and sandstones (on Tensleep sandstone) . 80 
ROU . 6 o 2 660'00 015 CO OOO DID CRI EOE ae ae 908 


In the slopes 3 miles north of Medicine Bow the thickness is about 
1,300 feet. At the top are about 10 feet of red shales, followed in de- 
scending order by 20 feet of gray, slabby sandstone, 100 feet of red, sandy 
shales, 8 feet of gray, slabby sandstone, 30 fect of red shale, 2 fect of gray 
sandstone, slabby and ripple-marked, 3 feet of red shales, 8 feet of soft 
gray sandstone, and then a thick succession of red sandy shales and soft 
red sandstones. ‘Toward the base are several members of thin-bedded 
sandstone 5 feet and less in thickness. 

At Boswell spring, 23 miles east of Medicine Bow, the red beds include 
a 3-foot bed of impure pink limestone which may belong either in the 
lower part of the Chugwater formation or represent the Forelle limestone. 
It les on red, slabby sandstone merging down into red shale, which under- 
les the valley extending to the slopes of sandstone (Tensleep). A sim- 
ilar limestone 4 feet thick appears near the head of Sybille creek, where 
it is separated from the Tensleep sandstone by 125 feet of red shale. 

Laramie basin—Near Laramie and to the south and southwest the 
Chugwater formation consists mostly of red shales and fine-grained, red 
sandstones, with a subordinate amount of lighter colored sandstones, 
thin beds of limestone, and deposits of gypsum. The latter are notably 
thick and prominent in the Red Mountain neighborhood. The fine- 
grained, massive sandstones weather with rounded outlines, especially 
where the beds are horizontal, and in places they rise in “monuments,” 
one of which is shown in plate 27. The following complete section of 
the formation was measured by Mr Siebenthal in the north face of Red 
mountain : 


Section of Chugwater Formation in Red Mountain, Wyoming 


Feet 
Morrison shales and limestone. 
aS SLON CMM eiticiecic 1c © ccc secs ca eeie seelaaecwcevecs 12 
SEKI COM mmCOMOIUENSIALC. oc occ coves tee cee tenes e ee ninae 20 
NOhMSANGSTONE Or SANGY SHAG. 1.5.2.8 c cee cee eee ee ee cece 10 
INSITE! GOR) SURIID. 6 - sence HOO DIED CDICC Ce OI aere ncaa 17 
MyoMinbiiteeSOLt, MASSIVE SAMGSTONE. ...5....0+.cceee cece 3 
Terra cotta, blue, and green shales.............:.2-2+++05- 65 
IMAGINE SINUS: Salas 6 dole oO CGO OC eI IG Cee nea 22 
Heavy, flaggy, light to buff sandstone and light shales..... 30 
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Feet 

Pink, massive, fine-grained sandstones.................--- 24 
Reddish salmon-colored sandy shales..................... 35 
White, flaggy sandstone and red shales..................- 45 
Massive, cross-bedded, fine-grained salmon sandstone...... 15 
Flaggy, white sandstone and reddish shales............... 20 
Massive, cross-bedded, fine-grained salmon sandstone...... 65 
Typical red shales and red flaggy sandstone.............. 450 
1eNol fay Osibien, Meeeby WKS Goan oagnonoodccosoNosuO DOO UODOES 6 
Red Shale isc. c sess icete salons sketete wrote etatolorersieienetchersierelevetetene teers 35 
(Gh yOShY -aooonagdugocoouodoodooDoD aoUaONOD Eos oOsenSSagDS 3 
Reed) Shale Wars c:ctera cial stererste ciclo rorereielelaterotoici ete teteneietalstersrer-telsretotare 10 
(CAWOSUMNe 5 oso UaBbaOodo em ooco ae DeDddUE Cogan DN dOdododonOCS 4 
Red Sale ichictedsajeieucreisrarsiete ister eeots ole. eaererarerer snore Koko ote vote) oholetereters 55 
Fine, banded, wavy, gypsiferous limestone................ ad) 
Red, sandy shale (with aragonite crystals)............... 88 
Canoe, joey MIMPISSHOs4>candooaesnabacccogDodDeasdcDoNS 67 
AN iGh Pets ACEH OM OMOEA. cb OOca- ou odmoOOOOnoo ob4o09 1,133 


The upper limit of the formation is placed arbitrarily at the base of a 
blue shale which les below the lowest limestone containing Morrison 
fresh-water fossils. This includes in the upper part of the Chugwater 
an alternation of about 200 feet of terra cotta, blue, and buff shales and 
light colored sandstones, which are not typical and are absent in the re- 
gion northeast, but they appear more likely to belong in the Chugwater 
than in the Morrison formation. The gypsiferous member at the base of 
the Chugwater formation is 273 feet thick in this section and consists of 
alternations of gypsum, gypsiferous limestone, and red shales, and at the 
base a massive bed of pure gypsum 67 feet thick lying on supposed Forelle 
limestone. In the red clay 20 feet above the gypsum there are numerous 
crystals of aragonite which, according to Knight, are pseudomorphic after 
hanksite. Above the gvpsiferous measures are 450 feet of typical red 
shales and flaggy red sandstones, followed by 378 feet of massive, fine- 
grained, salmon colored sandstones, with a minor proportion of red shale. 
These sandstones weather into “monuments” and walls similar to those 
formed by the “monument” sandstones of the Casper formation. On 
Sand creek near North Park road, where the gypsum is only from 2 to 4 
feet thick, it is associated with and sometimes replaced by gypsiferous 
limestone lying on wavy-bedded gypsiferous limestone believed to repre- 
sent the Forelle limestone. Aragonite crystals occur in the overlying red 
shales. Six miles southwest of Red Buttes the gypsum appears to overlie 
wavy, gypsiferous limestone, which can be traced northward with certainty 
into the Forelle limestone which crosses the railroad at Forelle. North- 
west of that place a well 333 feet deep is reported to be in red beds and 
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gypsum overlying Forelle limestone. This evidence throws light on the 
probable continuity of the Forelle limestone across the south end of Lara- 
mie basin. 

In the Centennial valley the gypsum measures are represented by a 
thin, gypsiferous limestone bed, separated from the supposed Forelle 
limestone by red shales. They are overlain by alternations of red shales 
and soft, red sandstones. The upper part of the formation includes the 
“monument” sandstones, as in the region southeast. 

Hast side of Laramie mountains.—In the foothills of the western part 
of Laramie county the Chugwater formation is about 900 feet thick. It 
comprises 375 feet of red sandy shale and soft red sandstones, 50 feet of 
gypsiferous beds, thin limestones, and red shales, and at the top 450 to 
500 feet of red sandstone and shale. On the south prong of Horse creek 
the formation is 1,000 feet thick. About 100 feet above its base are 15 
feet of slabby limestone resembling the Minnekahta limestone. On South 
fork of Horse creek there is a 50-foot bed of massive gray sandstone at 
the top of the formation—a feature often seen in Colorado; possibly this 
member may belong to the Sundance formation. In Horse Creek canyon, 
where the beds are vertical, the basal red shale and thin-bedded sandstone 
thicken to 260 feet. Next above is a 20-foot bed of dolomitic limestone 
which gives rise to a small but prominent ridge extending some distance 
north. It is massive above and thin-bedded and purplish below. Next 
are 70 feet of red shale, 4 feet or more of porous dolomite, 100 feet of red 
shale, 5 feet of fine-grained, massive, pure white limestone and 660 feet 
of red shales capped by 40 feet of reddish gray sandstone. Just south of 
North fork of Horse creek the formation has a limestone member about 
100 feet above its base, probably a continuation of the 20-foot bed on the 
main creek, and the underlying red shale member is less thick. 

About Iron Mountain station the formation is between 700 and 800 
feet thick in a section measured in beds dipping from 43 to 78 degrees. 
The rocks are mostly red sandy shales grading into red sandstones, most 
of which contain considerable clay. Near the middle of the formation 
are two thin layers of limestone and at the base the following beds: 


Section of Lower Beds of Chugwater Formation just North of Tron Mountain 
Station, Wyoming 


Feet 

Brownish red, soft, massive sandstone (under thick mass of 
CC MEDCCLS) EMEMeNMnp ero rarcccysfocieicreiale costs tiicjeie anne «edie o vee 10 
LEME STONE VVC Me TINASSIM Cl ajesecye ciclee Gocisis cio cls sisiee sere eee ee 5 
Brownish red sandstone, moderately soft, massive......... 40 
UMMA Ded Med mIMESTONE. . ccc cc cc cee sees eee nee tecaecesee 6 
SONVMUSH GE CMSAMOSEOMC. <2. ccc cece ccc se ccs aceeoacvees 3 


Limestone with Pennsylvanian fossilS.,.........++++e++8- Many 


a 
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These brownish red sandstones with limestone layers in the basal series 


may possibly represent the Tensleep sandstone, but if so the Minnekahta j | 
limestone is absent in overlying red beds. The top member of the Chug- \— 


water red beds here is a massive bed of pale red sandstone. 


Fossils and age.—Fossils found at various horizons in limestones in the — }| 
Chugwater red beds do not afford conclusive evidence as to age. Those || 
in the lower limestones in the Bighorn mountains and other uplifts are || 
believed to be “Permian” in the sense in which the term is used in the | 
Mississippi valley. Many fossils occur in the limestone 150 feet below 


the top of the formation, on the east bank of Bighorn river, 3 miles below 


Thermopolis. According to Dr G. H. Girty, the principal species is | 


Natica lelia, usually considered diagnostic of the Triassic, but probably it 
is older. Bakewellia and probably Phlewrophorus may also be present, 


and an aviculipecten occurs, resembling A. curticardinalis, which is char- |9 


acteristic of the Permo-Carboniferous of Utah. Doctor Girty is inclined 
to correlate the fauna with the Permo-Carboniferous of the Wasatch 
Mountain section. The 150 feet of red shales and sandstones which oyer- 
lie this limestone may possibly represent part of the Triassic. In the 
lower portion of the Chugwater formation, 10 miles southwest of Casper, 
a cast of Schisodus wheelerti was found. This form is usually regarded as 
Pennsylvanian. 


JURASSIC SYSTEM 
SUNDANOE FORMATION 


General relations—The Sundance formation occupies a large area in 
central Wyoming, but it is absent in the Laramie basin south of Rock 
river. In Wind River basin it is mostly covered by Tertiary, but it out- 
crops extensively near Fort Washakie, Lander, and Dallas. It appears 
along both flanks of Owl Creek mountains, on the north slope of Rattle- 
snake mountains, in southeastern Natrona county, in northeastern Carbon 
county, in the flexures south of Douglas and east and northeast of Medi- 
cine Bow, and along the east side of Laramie Mountains from Iron 
Mountain station to Crow creek. Although there is a long time interval 
between the Sundance and Chugwater formations, marked erosional un- 
conformity is rare and in places it is difficult to draw the line between 
them. ‘This is probably because the first sediments of the upper forma- 
tion were derived from the one below. ‘The upper limits are similarly ill- 
defined. There is no discordance in dips of underlying or overlying for- 
mations. 

Owl Creek uplift—trn the Owl Creek Mountain region the Sundance 
formation consists of about 200 feet of soft gray sandstones and green 
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shales with conspicuous hard layers. On the north slope the outcrop ex- 
tends from a point 4 miles west of Embar nearly to Deranch and also 
around the Thermopolis anticline. On the south side it extends westward 
from North Fork of Muddy creek to the base of Black mountain, and it 
also appears in small exposures near longitude 108° 30’, at the upper end 
of Bighorn canyort and in the two uplifts between Dry and Muddy creeks, 
near longitude 109°. ‘The local stratigraphy varies somewhat. At the 
base are sandstones; the middle and upper beds are mainly shales, and 
there is more or less sandstone for about 40 feet at the top. The shales 
are greenish or dark gray and contain limestone in concretions and thin 
layers, often highly fossiliferous. In the western portion of the uplift 
one of the upper sandstone beds is so hard that it causes high, narrow 
ridges, which are especially prominent in the divide west of Dry creek. 
Near Embar and eastward a hard, dark gray sandstone, 12 feet thick, 
which makes a prominent ridge, is underlain by the basal member, 80 feet 
thick, of shale and soft greenish gray sandstones containing many Gry- 
phea calceola. 


Section of Sundance Formation on Owl Creek, 7 Miles Northwest of Thermop- 
olis, Wyoming 


Feet 

Green, soft, sandy shales and hard greenish fossiliferous 
Sandstone min: alternating layers... 2.55.5 cece ence e wee ne 70 
COMMAS S HOM Cimrparreyoveriaieieicisic elec esis. 6 2% cic) is aie levee seeve ares 4 
Gree smack; -CRIVb > Goo oC UD ORO ORE OOo ae rein nr aaa 20 
CU PVAMINTDVAS TOO STON Cs: ociicisicesicie cis cesec secs sess ssleweccecs 2 
Dark greenish gray, sandy clay, with many belemnites...... 40 
Greenish gray sandstone, with occasional hard layers...... 30 
CRECTIMSHIN COVERT AL Chweietcrenceters sicieicieleieisic oe 6 cece eee ye cae eas 20 


Greenish gray sandstone, thin-bedded..................... 
Hard, buff, impure limestone, breaking into small rectangu- 

esr IGOGES .s55 cobocceo do CODD COCO Cee a tae ieee Piles 2 
Green sandy shale lying on “Red beds”................... 2 


The exposure at south end of Bighorn canyon is in the east bank of the 
river. Here there are about 250 feet of alternating layers of greenish 
gray sandy shale and dark gray, fossiliferous sandstone. 

Wind River-Rattlesnake mountains.—Along the slope of Wind River 
mountains and in the uplifts passing east of Fort Washakie and Lander 
the Sundance formation is about 300 feet thick and consists of greenish 
gray shales and sandstones, with thin but prominent ledges of impure, 
highly fossiliferous limestone in their upper part. In the northern foot- 
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hills of the Rattlesnake mountains, where the thickness is about 300 feet, 
there are gray sandstones at the top, and part of the medial sandy shales 
are of pronounced reddish tint, as in the Black hills and some other dis- 
tricts in Wyoming. 

Platte valley to Rock river—The Sundance formation presents most of 
its usual features along the south side of Casper morfntain, in Muddy 
Creek valley, and on Wagonhound creek and North Platte river south of 
Douglas. In the extensive exposures in the big bend of the river south 
of Douglas, there are 30 feet or more of massive gray sandstone overlain 
by 30 feet of pale greenish, sandy shale, 5 feet of soft, greenish, massive 
sandstone, 40 feet of soft sandstones of bright reddish tint, 15 feet of 
massive buff sandstone, and about 200 feet of green shale with 3 hard beds 
of fossiliferous limestone. In the high ridge southeast of Hammond the 
basal sandstone is 50 feet thick, massive, cross-bedded, moderately fine- 
grained, and of pale orange color. It is overlain by 50 feet of buff sand- 
stone, mostly slabby ; 380 feet of pale red, soft sandstone; 100 feet of shale 
with hard layers, and at the top a few feet of buff sandstone. The red- 
dish sandstone continues for some distance to the south and west and is 
conspicuous 114 miles east of Freeland, about Alcova, and along the south 
side of Shirley hills. In the Alcova region and southward the basal 
member is white, massive, cross-bedded sandstone in places 40 feet thick 
(see plate 28). West of Difficulty there is also a body of white sandstone 
in the overlying shale member, together with the usual hard, fossiliferous, 
limy layers. The following section is typical for the Alcova region: 


Section of Sundance Formation near Alcova, Wyoming 


Feet 

Green Shaler ai) .-cisieiel eels cue, sds weiselseateteree OR Oe ne Oe 65 
Slabby, hard limestone Ae ache bee See eee Eee 10 
Green: Shale’ 2...3..55 vies snc leis cots siete © cetene ear aelehe ein Sa eee 10 
Limestone: 4584.5/s.2ci.0 2 ae cake noe ote eine eee ee 10 
Green shale: 2.55320 os.is20ct tees on oeenienie ee eee eo reer 15 
Sandstone cis ce ssetatin tin cine Bre eee ee Oe ee 5 
Shale part ypinks sparbeokeene pelle rieriel linearis eee 100 
Sandstone, white (on Chugwater red beds)................ 25 
Motels. 2 ls useless eevee sais: c aletleie ts Reet ea eRe 300 


In the Freezeout hills and Rock River region the lower beds of the for- 
mation are predominantly sandy, while the upper part consists largely of 
green shales with hard, fossiliferous layers. In an extensive exposure 
east of Medicine Bow the strata are as follows: 
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Ficurp 1.—MASSIvE SANDSTONE AT BASE OF SUNDANCE FORMATION, SOUTH OF ALCOVA, WYOMING | 
The distant ridge is capped by Cloverly sandstone; red beds show in foreground 

} 
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Ficurr 2.—CHucwatrer Rep Breps, SUNDANCE ForMATION, MORRISON SHALE, AND CLOVERLY 
STONE, SOUTH OF LANDER, WYOMING 


Pool of petroleum in the foreground 


SUNDANCE AND ASSOCIATED FORMATIONS, WYOMING 
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Section of Sundance Formation in Como Ridge, 6 Miles East of Medicine Bow, 


Wyoming 

Morrison shales. Feet 
Limestone and shale.............. wateiaree DUcaRe ao aneesaET 15 
Massive, disintegrated sandstone, in part shaly............. 10 
Drab shale with few lumps of brown limestone........... s 30 
ISTHE, SMAI, SERIO FOP Agen OOG BORE CODE Eo CoC retire 5 
Yellow, sandy shale with belemnites...................... 42 
Buff, shaly sandstone ..... 3196 CORES ES OD DIOS ROE CeCe 5 
Yellow shale (lying on Chugwater red beds)............... 12 

ENO Eel lee Meee elev ofeisicte cio cteisisiels 8 Sleeves aeoaen des eewe 119 


Two miles north of Medicine Bow the lower half of the formation is a 
massive buff sandstone, with 8 feet of red shale about 100 feet above its 
base and a 2-foot bed of red shale a short distance higher. 

A section in the eastern side of the Freezeout hills near Dyer’s ranch, 
given by W. N. Logan,** is as follows: 


Section of Sundance Formation in Freezeout Hills, Wyoming 


No. Feet 
15. Purplish clay with sandy inclusions (has sandy lime- 
stone layer near base filled with fossils)........... 40 
14. Greenish sandstone, thinly laminated............... 2-5 
13. Purplish, fossiliferous clay, with many lime nodules 
HUES, Vy) TOSSIE So 550 oO DGC Cre entree 20 
12. White, sandy clay, dinosaur remains................ 4 
11. Sandy clay with brown concretions; green sandstone 
TASTE ABTA CLOG sey .tersretetels fsioreiere coc eve sie.e aa /svbicieua sie. 6 
10. White, sandy limestone in thin layers (fossils)...... % 
. Seinghy iol Gayo colon og COCO DIOGO OI ceca aernaaees 10 
SAAVVTTLC TISSUE MSA GSTONC <2 « o.0.0.5 + ses) cjs esis. sieve alee esis 6 
7. Shale, reddish, changing to purple................... 4 
6. White sandstone, moderately hard.................. % 
2-5. White sandstones, separated by 2 layers of red clay... 1 


1. Red clay of Chugwater formation. 


SILO UallletetetetserAtoleiearic cici cis) sio.g.8 vs srséseiccis as siacieenes 94+ 


East of Laramie mountains.—Vhe thin margin of the Sundance forma- 
tion outcrops continuously along the eastern foothills from North fork of 
Horse creek to the southernmost prong of Horse creek and from the 
North to the South fork of Lodgepole creek. Small exposures appear on 
North and Middle forks of Crow creek. The rocks are mostly light buff 
sandstones, but some sandy shales appear. The average thickness is 40 


14 Kansas University Quarterly, vol. ix, 1900, pp. 111-112. 
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feet. In the first canyon south of South fork of Horse creek the rocks 
are mostly hard, buff sandstone, the upper third slabby and including 
some buff to greenish sandy shales. On South fork of Horse creek are 
60 feet of slabby buff to gray sandstone, sandy shales, and grayish green 
shales lying on a 50-foot bed of massive gray sandstone, supposed to be 
the top of the Chugwater formation. South of Horse Creek canyon the 
lower 30 feet or more are greenish, sandy shale, above which are 10 feet 
of bright buff, soft sandstone extending to base of Morrison formation. 
Near Iron Mountain station there are two members: An upper one, 30 
feet thick, of soft, slabby sandstone, gray at base and buff toward top, 
with ripple-marked layers and much intercalated shale; and a lower 
member, 50 feet thick, mostly of green to gray shale, with layers of soft, 
thin-bedded, greenish gray sandstone. 

Fossils and equivalency.—The formation contains abundant fossils of 
middle to upper Jurassic age, and it is believed to be equivalent to the 
Sundance formation of the Black Hills region. The following are the 
principal fossils: Belemnites densus, Gryphea calceola, var. nebrascensis, 
Campectonites bellistriatus, Humicrotis curta, Trigonia elegantissima, T. 
americana, T’. conradt, I’. montanensis, and Pentacrinus asteriscus. 

In Freezeout hills the following fossils are reported by W. N. Logan® 
in section given on page 441: Bed number 10, Pseudomonotis curta; bed 
number 12, remains of Ichthyosaurus and Plesiosaurus; bed number 13, 
abundant Belemnites densus throughout, and in the concretions Pinna 
kingt, Pinna sp. Cardioceras cordiforme, Avicula beedet, Astarte packardi, 
Pentacrinus astericus, Tancredia bulbosa, T. magna, Lima lata, Goniomya 
montanaensis, Avicula mucronatus, Pleuromya subcompressa, Cardinia 
wyomingensis, Pseudomonotis curta, Belemnites densus and B. antus, and 
also remains of plesiosaurs and ichthyosaurs; bed number 14, Campto- 
nectes bellistriatus, C. eatenuatus, Ostrea densa, and O. strigilecula; in a 
sandy limestone bed in base of bed number 15, Pentacrinus astericus, As- 
terias dubium, Pseudomonotis curta, Avicula macronatus, and Ostrea 
strigilecula. 


CRETACEOUS SYSTEM 
MORRISON FORMATION 


General relations —The Morrison formation extends throughout east- 
ern and central Wyoming, presenting all the features which characterize 
it in the type locality in Colorado and in the Black hills and Bighorn 
mountains. It outcrops along the east side of Wind River mountains, 


1% Loc. cit., pp. 112-113. 
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along both sides of the Owl Creek uplift, the north side of Rattlesnake 
mountains, the anticlines south of Casper and Douglas, the Shirley and 
Freezeout hills, and the uplifts east of Medicine Bow and Rock Creek. 
It extends along the east side and across the south end of the Laramie 
basin and appears at intervals in the foothills on the east side of Laramie 
mountains. Two narrow zones of outcrop extend along both sides of 
Centennial valley, and the formation outcrops for 2 miles along the east 
slope of Jelm valley just east of Jelm. A small area is faulted to the 
surface east of Sheep mountain. In Laramie basin the Morrison forma- 
tion lies unconformably on the Chugwater red beds, but elsewhere the 
Sundance formation intervenes. 

The Morrison deposits are mainly hard clays or massive shales, varying 
in color from pale greenish to maroon and having a peculiar chalky ap- 
pearance. ‘The prevailing tint is pale olive green. Thin beds of drab 
limestone and occasional beds of light colored sandstone are included, 
and also in places masses, 2 inches or less in thickness, of olive green to 
dark green, brittle, siliceous rock of concretionary nature. Some typical 
exposures are shown in plates 28 and 29. 

Wind River-Owl Creek region—tIn the Wind River and Owl Creek 
uplifts the Morrison formation outcrops in a zone immediately adjoining 
the outcrop of the Sundance formation. Frequent exposures appear in 
the slopes of the ridges due to the Cloverly sandstone along both sides 
of the Owl Creek and Thermopolis uplifts, and in the Fort Washakie- 
Lander region, although the formation is often covered by talus on the 
slopes. In the Lander region the thickness is 225 feet, and the rocks 
are mainly pale green to maroon massive shales, with thin beds of sand- 
stone. Ordinarily the upper portion is of buff tint and the lower portion 
partly maroon. About Fort Washakie the formation is 200 feet thick 
and has a 4-foot bed of sandstone near the middle. In the Owl Creek 
uplift the thickness varies from 100 to 250 feet in greater part, in gen- 
eral diminishing from east to west. The predominating material is the 
usual massive shale, or mixture of clay and fine sand, of pale greenish 
gray color, merging into deeper green, maroon, pink, and red. In the 
middle there are usually 50 feet or more of soft, fine-grained, greenish 
gray sandstone, which is well exhibited on the north slope of the anticline 
4 miles northeast of Thermopolis. It is here overlain by 40 feet or more 
of sandy shale, in part of maroon tint; 10 feet of loosely consolidated 
conglomerate with pebbles mostly of a very dark color, and at the top 10 

feet of highly carbonaceous, dirty buff shale. The basal beds here are 
reddish and greenish massive sandy shale. On North fork of Muddy 
ereek the rock is mostly soft, fine-grained, white, very massive sandstone, 
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lying on a small amount of light colored shale of the usual character. 


Southeast of Embar this sandstone also predominates, merging downward 


into thin-bedded gray sandstones and more or less shale, which weathers 
to a buff color. In a small outcrop on east side of Bighorn river, just 
above the mouth of the canyon, the rock is mostly gray sandstone, but a 
thin bed of limestone is included. In extensive exposures on the east side 
of Red creek, 3 miles east of the summit of Black mountain, the forma- 
tion is about 150 feet thick. At the top are soft, massive sandstones, 
mainly of buff color, but partly pink, lying on reddish and maroon clays. 
In the middle are 50 feet of red, sandy clays, with a few soft sandstone 
layers from 6 inches to a foot thick and some layers of purple clay. The 
lower 50 feet are massive, sandy clays of gray and dirty maroon tints in 
alternating bands lying on Sundance sandstone without evidence of struc- 
tural discordance. 

Casper-Douglas-Medicine Bow region—The Morrison formation ap- 
pears extensively in the slopes of the ridges of Cloverly sandstone from 
Poison Spider creek to head of Bates creek, about Alcova, south of Big 
Muddy station and Douglas, in the Haystack range, Freezeout and Shir- 
ley hills, in the uplifts north and east of Medicine Bow, and the long 
monocline on the east side of Little Medicine creek. In the east end of 
the Freezeout hills and in the Como ridge, 6 miles east of Medicine Bow, 
are the famous collecting grounds of dinosaur remains. The thickness 
varies from 200 to 300 feet. The material is the typical light colored, 


_ massive clay or mixture of fine sand and clay, with sandstone layers and 


occasional thin limestone beds. The clay is mostly pale greenish gray, 
but im all exposures portions are maroon and buff. Near Freeland the 
middle beds are distinctly red. In the vicinity of Aleova and southward 
there is a massive light colored sandstone at the base suggestive of the 
Unkpapa sandstone of the Black hills. It is 40 feet thick at the south 
end of Platte canyon 35 miles above Alcova. At this place and eastward 
nearly to Difficulty the thickness of the formation is 325 feet. The fol- 
lowing section near Dyer’s ranch by W. N. Logan™® illustrates the prin- 
cipal features in the eastern end of the Freezeout hills, where, however, 
the stratigraphic limits are somewhat uncertain: 


Section of Morrison Formation in Freezeout Hills, Wyoming 


No. Feet 
24. Grayish white sandstone (may be basal Cloverly)...... 50 
23. Drab clay with dinosaur remains..................... 70 
22. Brown to bluish gray, sandy limestone with molluscan 
LOSS Si. Rss tee is de terete eke oe ee eee ne Eee: 1 


16 Tbid., pp. 113-115. 
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Feet 

21. Bluish green clay with very small concretions, dino- 
SAUUESHCLINCesTM ONNUISESii cist ers cle cvsicie.a'e «cee els ose cee avee 30 
20. FWissile, brownish sandstone; no fossils................. 4-5 
19. Drab clay, brontosaurus remains.................0000. 30-40 


18. Sandstone, grayish to light brown, part cross-bedded, 
on 214 feet of conglomerate; fossil wood and cyeads.. 10-20 


17. Purplish to greenish clay, with dinosaurs in upper part. 60 
16. Grayish white sandstone, fine-grained, part cross-bedded, 
ITO CET iva SOL batpets tase sielesct sa) <"e\c).sfe/eiSl ie) shoves, s\e veers. 6 eels 10-125 


Bed number 16 is only 10 feet thick at Dyer ranch, but increases to 125 
feet a few miles south. It is separated from beds carrying Sundance fos- 
sils by 40 feet of purplish clays which may belong to the Morrison for- 
mation. A section in Como ridge is as follows: 


Section of Morrison Formation in Como Ridge East of Medicine Bow, Wyoming 


Feet 

White, massive sandstone, conglomeratie (Cloverly). 
IB TUMISHBtOROMEEMISHESMAILOS Ss sis sb ccs ewe se cree cierees vce eevee 50 
Limestone, lumpy ................ SO SOC Ret OOP RDO NT Aor 1 
IB iMIShetoOnOlnversreen SHAS. 2... ccc cee eee cesetacens 30 
HAAN ESTOM CMAN Yrerie aie cc se cise Gisele cie.0 sets wes ee sieees aus 1 
TERT CET COMSINALS Hate cteteleiciele sists clecsie vie 6s 6 e tisiele iets eviswecis 120 
Motel vent girs ever. eee 3 Rr avNafoy ns eves elaimaleeeG sis Sl aietewlaw see os 202 


Laramie basin.—The Morrison formation outcrops on the west bank of 
Laramie river just below the bridge a mile northwest of Laramie. There 
are 3 feet of dark shale at base, then 20 feet of soft, massive light colored 
sandstone, and at top 10 feet of gray shale with several thin, slabby lime- 
stone layers, one of which is pebbly, and a thin layer of gray sandstone. 
In slopes 114 to 2 miles south-southwest of Howell station are soft, mas- 
sive buff sandstones overlain by typical gray and greenish gray massive 
shale or clay with thin limestone, cherty, and sandstone layers. One of 
the latter is 2 to 3 feet thick. At the top are very dark shales, which 
have been prospected for coal; these are overlain by coarse Cloverly 
sandstone. 


Section of Morrison Formation on Hast Slope of Ridge West of Downey Soda 
Lakes, Wyoming 


Cloverly sandstones and shales. . Feet 
Dra piovoliveyereen) SHAE. 6... sere ce cd eee vevccescteessee 30 
Soft, coarse-grained, disintegrated sandstone, with cal- 

- careous matrix containing teeth and bones......... 6 
Drab to blue shale.......... jad God COC ORSOSOOU.CUOODTOCOS 15 
INO CUUMIEIEMINMTES TOME Marre cle cicciie civic. cle ccs se vice sie see vies siee 1-2 
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Feet 
Blue shale ..... buT ORAS De hvetels dis SMe ia ete ee ee cele eee ~ | 40) 
Trim estOne: iis, s eicvetevel heverasw enerdudobevevence Pee ieiekolee eeeeeteteroeee eases 2 
Concealed, probably blue shale.................--....-- 30+ 
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In Red mountain, where the formation is 128 feet thick, it consists 
mainly of pale bluish shale, which in the upper beds contains green nodu- 
lar masses. Thirty-six feet above the base there is a 2-foot layer of lime- 
stone, and 88 feet above the base a 1-foot limestone layer containing fresh- 
water fossils. At the base are light colored sandstones and terra cotta 
and bluish shales, which may possibly represent the marine Jurassic, but, 
as they contain no fossils, they are provisionally classed as Chugwater. 

East of Laramie mountains.—In the first canyon south of South fork 
of Horse creek the Morrison consists of pale green and maroon massive 
shale lying on 30 feet of light colored massive shale containing several 
layers of limestone, one 6 feet thick. On South fork of Horse creek the 
6-foot limestone member is conspicuous, underlain by 20 feet of gray 
shale lying on a 1-foot limestone bed at supposed base of the formation. 
The total thickness here is about 200 feet, which appears to be the average 
amount, except on the southernmost prong of Horse creek, where it is 
less than 150 feet. 

Fossils and age-——Many dinosaur remains have been obtained from 
the Morrison formation in southeastern Wyoming, notably from the 
extensive bone quarries near “Bone Cabin,” in the northeastern por- 
tion of Freezeout hills, 15 miles north by west from Medicine Bow; on 
Rock creek east of Medicine Bow; on Sheep creek; on Como ridge, 
6 miles east of Medicine Bow, and on Bone creek, 7 miles northeast 
of Medicine Bow. They comprise Brontosaurus, Morosaurus, Lao- 
saurus, Camptosaurus, Dryosaurus, Ornitholestes, Diplodocus, Stego- 
saurus, and Allosaurus. Collections have also been made near Steam- 
boat lake, southwest of Laramie. Bones have been found also at a 
point 2 miles east of Red mountain, west of Downey lake, east of Jelm, 
and also at several localities in Colorado a short distance south of the 
state Lne. In the drab, brittle, impure limestones in the shales are 
numerous remains of fresh-water molluscs, usually of very small size. 
Fossil algee occur in the limestones along the east side of Laramie moun- 
tains. The following fossils were identified by Dr T. W. Stanton from 
west and southwest of Laramie: Unio baileyi, Limnea, Planorbis veter- 
nus, Volvata scabrida, Vorticifex stearnet, Viviparus, ? and Viviparus 
n. sp. (very large) ; and from Como ridge: Unio sp., Volvata scabrida, 
and Limnea accelerata. In the thin layer of brown sandy limestone in 
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Ficure 1.—HoGBACK OF CLOVERLY CONGLOMERATE, 6 MILES NORTH OF FREELAND, WYOMING. LOOK- 
ING WEST 


FIGURE 2.—SUNDANCE AND MORRISON SHALES CAPPED BY CLOVERLY SANDSTONE, 6 MILES WEST OF 


DIFFICULTY POST OFFICE, WYOMING 


CLOVERLY CONGLOMERATE AND SUNDANCE AND MORRISON SHALES, WYOMING 


CRETACEOUS SYSTEM 447 


Freezeout hills (bed number 22 on page 444) Mr Logan reports Unio 
knighti, U. williston, U. baileyi, Valvata leei, and Planorbis veternus. 
The two latter also occur in bed number 21. Numerous cycads and fossil 
wood, together with a fragment of a hollow-boned dinosaur, are reported 
from bed 18 in the same section. 

The dinosaur remains in the Morrison have been regarded as Jurassic, 
but some paleontologists believe that they are early Cretaceous. As the 
stratigraphic relations in some regions sustain this latter view, the forma- 
tion is provisionally assigned to the Cretaceous, 


CLOVERLY SANDSTONE 


Occurrence and general character—The Cloverly sandstone, at one 
time called the “Dakota sandstone,” extends continuously through central 
Wyoming, usually giving rise to a hogback range on the slopes of the 
various uplifts (see plates 28 and 29). ‘The outcrops extend along the 
sides of the Owl Creek and Bridger uplifts and the northeast side of the 
Wind River range, but in places it is covered by Tertiary. It appears 
again in the anticline extending from Dallas to beyond Fort Washakie: 
also on Conant and Muskrat creeks and along the north side of the Rat- 
tlesnake uplift, where it extends nearly to Oil City. It outcrops exten- 
sively about Alcova, along both sides of the uplift of the Freezeout hills, 
in the region southwest and south of Casper and Douglas, in the uplifts 
north and east of Medicine Bow, along the east side and south end of 
Laramie basin, in Centennial valley, and on the east side of Laramie 
mountains from Chugwater creek to Middle fork of Crow creek. A small 
outher remains in the syncline near Jelm post-office. The principal rock 
is hard, coarse sandstone, nearly everywhere in two members, separated by 
gray and purplish clay. The lower sandstone is generally conglomeratic, 

at least in its lower portion. ‘The formation averages 150 feet thick and 
lies on Morrison formation, with an erosional unconformity that is usual 
when coarse sandstone or conglomerate lies on shale or clay. 

Owl Creek mountains.—In the Owl Creek Mountain uplift the thick- 
ness of the Cloverly formation ranges from 100 to 150 feet. The outcrop 
zone extends for many miles along the north side of the mountains and 
along their south side from the headwaters of North fork of Muddy creek 
to the Tertiary overlap south of Black mountain. Small exposures ap- 
pear on the south side of the mountains, near longitude 108° 30’, and 
more extensive ones encircle the uplifts between Muddy and Dry creeks, 
near longitude 109°, and the anticline which passes through Thermopolis. 
There is a lower member of hard, coarse, gray to buff sandstone in mas- 
sive beds and an upper member of massive shale of purplish color contain- 
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ing thin beds of sandstone. In some places there is at the top a bed of 
gray or brown sandstone, which is 4 to 8 feet thick. In the Mud Creek 
region the basal sandstone is 30 feet thick, the overlying purple shales 
carry cherty concretions and thin layers of brown and buff sandstone, and 
at the top are several layers of brown sandstone. In the ridge north of 
Red creek, southwest of Thermopolis, the formation is about 150 feet 
thick and presents three bodies of sandstone separated by purplish and 
eray shales and thin-bedded sandstones. Along Bighorn river north of 
Thermopolis the basal member is 35 feet of hard, massive, light gray 
sandstone, conglomeratic at the bottom. Above are 20 feet of softer buff 
sandstone, 30 feet of purplish shale, and 6 feet of slabby dark buff sand- 
stone which weathers brown. Southeast of Embar the formation is more 
than 200 feet thick and consists of two prominent sandstone members, 
the lower one the thicker, separated by purplish clays and shales, with 
thin-bedded sandstone. Southeast of Black mountain there are at the 
base 30 feet of hard white to gray sandstone, massive and in part cross- 
bedded, then 100 feet of clay, and at the top about 10 feet of hard slabby 
to massive sandstones which weather to a dark color. The clays between 
the two sandstones are of strong purple color for 30 feet or more near the 
top, paler below, and in the middle pale greenish gray. ‘They contain a 
few layers of fine sandstone of white, buff, and greenish tints and several 
bands of calcareous and cherty nodules, a common feature in the Owl 
Creek region. On North fork of Muddy creek the basal sandstone is of 
very light color, and it contains in its lower sce a thick mass of white 
conglomerate. 

Wind River-Rattlesnake mountains.—The Cloverly sandstone is much 
less thick in the Wind River and Rattlesnake uplifts than in the region 
north and east. In the ridges about Lander it is represented by buff sand- 
stone, often cross-bedded, which is only 25 feet thick in places, but forms 
a characteristic hogback ridge. In Rattlesnake mountain the amount is 
60 to 80 feet and the rock is a hard, massive sandstone, mostly conglom- 
eratic, capping a hogback ridge. 

Casper-Douglas-Medicine Bow region—The Cloverly sandstone is 
prominent in the ridges south of Casper, especially in the two deep gorges 
which it causes in Platte river above and below the mouth of Poison 
Spider creek, the wide, high plateau of Haystack range, and .the ridges 
near Freeland and Alcova. Much of the rock is a brown, massive, coarse 
conglomerate 40 to 60 feet thick. Near Freeland it is 40 feet thick (see 
plate 29). In Muddy Creek valley, at the east end of Casper mountain, 
the formation caps the usual hogback, and where vertical rises as a steep 
wall, The basal conglomerate is 25 feet thick, with many pebbles a half 
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to 1 inch in diameter, partly of jasper. This merges up into a coarse 
buff sandstone, followed by 60 feet of shales, mostly dark, but in part of 
purplish red color, and then the top sandstone. In places there are two 
sandstone members besides the basal one, separated by shale. The upper 
sandstone is thin-bedded and rusty in color. South of Douglas there are 
three Sandstones, the basal one coarse-grained and conglomeratic as on 
Muddy creek. Locally the upper sandstone becomes especially prominent 
and is underlain by 20 feet or more of reddish clay. About Alcova the 
formation is about 50 feet thick and consists of dark conglomerate below 
and white or buff sandstone above. Near the south end of Platte canyon, 
35 miles above Alcova, where the thickness is 60 feet, the basal portion 
is massive conglomerate containing numerous boulders up to 6 inches 
in diameter, including many of limestone, apparently Carboniferous. 
Como ridge east of Medicine Bow is capped by Cloverly sandstone, and 
this rock circles around the end of Freezeout uplift and the anticline 
north of Medicine Bow and rises in a prominent monoclinal ridge on the 
east side of Little Medicine valley. Here the thickness varies from 125 
to 150 feet, and in the high butte on the axis of the anticline, 15 miles 
northeast of Medicine Bow, there are.two sandstone members separated 
by gray and purplish shale and clay. West of Marshall, where the thick- 
ness is less, the formation appears to consist entirely of hard, gray sand- 
stone. 

Laramie basin.—In Laramie basin the Cloverly is seldom more than 
200 feet thick and ordinarily the amount is considerably less. As in other 
regions, it consists of two sandstone members separated by buff and 
purplish, sandy clays. The sandstones, especially the lower ones, are 
usually locally conglomeratic, with pebbles of vari-colored cherts and 
jasper. The lower sandstone is the most prominent member topographic- 
ally, often giving rise to a prominent hogback ridge. ~ At the north end 
of the hogback at the east end of Centennial valley the formation con- 
sists of 10 feet of massive sandstone, 100 feet of flaggy, ferruginous sand- 
stone and shale, and at the base 40 feet of massive, white sandstone. 
The latter is conglomeratic in places and lies on 30 feet of ferruginous 
shales which may belong either in the Cloverly or Morrison formations. 
Below are 300 feet of typical, bluish to purple, Morrison shales. On the 
south bank of Laramie river, north of Jelm mountain, the formation 
consists of 25 feet or more of buff, flaggy sandstone, then 60 feet of 
shales, greenish above, buff below, with some layers of flaggy, white sand- 
stone, and, at the hase, 23 feet of flagey, buff sandstone. In the anti- 
cline on the south side of Hutton lake, 10 miles southwest of Laramie, a 
complete section of vertical beds is exposed as follows: 
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Section of Cloverly Formation on south Side of Hutton Lake; Wyoming 


Feet 
Gray to light buff sandstone, cross-bedded below, softer 
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Sandy clays, greenish buff below, black in middle, and 
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Sandy shales with two cherty layers.................... 20 
Clays, shales, and sandstones, part dark gray, part pur- 
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Sandstone, fine-grained, soft, with harder and coarser 
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Sandstone, light gray, massive and cross-bedded, in part 
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Morrison formation. 


Two miles south-southwest of Howell station, where the formation is 
about 50 feet thick, it consists of two massive, coarse, hard sandstone 
members separated by dark shale which has been prospected for coal. 

East side of Laramie mountains.—On the east side of Laramie moun- 
tains the formation presents its usual tripartite character. In the small 
exposure north and west of Hecla: the following beds appear: 


Section of Cloverly Formation near Hecla, Wyoming: 


Feet 
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South of North fork of Horse creek the thickness is 100 feet. Near 
Horse creek the sandstones are soft and are not well exposed, so that the 
hard, lower sandstone of the Benton is much more prominent. 

Correlation—No fossils were found in the Cloverly formation, but its 
relations and physical features strongly suggest that the basal sandstone 
is equivalent to the Lakota sandstone of the Black hills, and the over- 
lying purple shales to the closely similar Fuson formation. Both of these 
are of lower Cretaceous age. The top sandstone probably represents the 
Dakota locally. 

COLORADO FORMATION 


Occurrence and general reiations.——In the Colorado formation begin 
the thick deposits of black shale which characterize a large portion of the 
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upper Cretaceous. Its thickness averages 1,200 feet. East of longitude 
107° the chalky sediments of the Niobrara formation characterize its 
upper portion, but westward this becomes shale or shale and sandstone, 
not clearly separable from the Benton. Accordingly, in the map, plate 
22, both formations are grouped as the “Colorado formation,” while in 
plate 21 they are shown separate. The outcrops of the Colorado forma- 
tion appear on both slopes of the Owl Creek uplift; on the east side of 
the Wind River uplift south from North fork of Little Wind river; on 
the north slope of Rattlesnake mountain; in the uplifts southwest of 
Casper; south of Big Muddy, Glen Rock, and Douglas; west of Ervay 
and on Conant creek; near Alcova; on the slopes of the uplift of Freeze- 
out hills; on the south side of the Shirley hills; in the anticline north 
and east of Medicine Bow and Rock Creek; along the east side and across 
the south end of Laramie basin; in the Centennial syncline, near Jelm 
and at intervals along the east side of Laramie mountains from Chug- 
water creek to Crow creek. A small outlier remains on the plateau sum- 
mit of the Haystack range. 

Benton formation——The Benton formation consists mainly of dark 
gray fissile shale, but about 200 feet below the top there is a constant 
horizon of moderately hard, massive to slabby, gray to buff sandstone, 
which usually outerops as a distinct “hogback,’ as shown in plate 30. 
In the lower beds some sandstone and deposits of bentonite occur. The 
latter is a white or slightly tinted clay or hydrous silicate of alumina of 
peculiar porous texture. It presents some evidence of being a decom- 
posed voleanic ash. There is also, near or below the middle of the for- 
mation, a persistent and characteristic member, the Mowry beds, which 
consists of from 100 to 200 feet of hard, gray shales and fine-grained, 
thin-bedded sandstone, which weather to a light silvery gray. They con- 
tain large numbers of impressions of fish scales. Owing to their hard- 
ness, the Mowry beds usually give rise to prominent ridges which bear 
scattered pine trees. lens-shaped concretions occur in the lower and 
upper Benton, especially in the shale above the Mowry beds. The Green- 
horn limestone, which is such a distinct horizon in the Great Plains re- 
gion, is lacking, excepting along the east side of the Laramie mountains. 
The upper part of the Benton, however, presents all the characteristics of 
the Carlile formation, and the lower part is identical with the Graneros 
shale. This shale usually begins abruptly above the Cloverly sandstone, 
and there is considerable evidence of local unconformity. Locally the 
lower Benton beds include thin, rusty layers of irony sandstones inter- 
calated among the shale. 

Niobrara formation—In southeastern Wyoming the Benton shale is 
succeeded by chalk, limy shale, and limestone, 200 feet or more thick, 
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characteristic of the Niobrara formation. It is conspicuous west of Lar- 
amie, on the east side of the mountains east of Laramie, about Rock River 
and Medicine Bow, in Little Medicine valley, about the Freezeout and 
Shirley hills, and on Muddy creek southeast of Casper. It also appears 
south and southwest of Douglas and Casper, but west of the North Platte 
it rapidly loses its caleareous components, and the characteristic colonies 
of Ostrea congesta cease to occur. 

Wind River-Owl Creek region.—In the Wind River basin the Colorado 
formation varies from 750 to 1,650 feet thick, the greater amount being 
along the south side of the Owl Creek uplift. The stratigraphic succes- 
sion is nearly uniform throughout. The lowest beds are several hundred 
feet of dark shale containing near the base a sandstone from 2 to 20 feet 
thick. Next come the Mowry beds, which average 100 feet thick and 
give rise to prominent round-topped ridges, which are especially conspic- 
uous along the north side of the valley of Mud creek, in the flexures east 
and west of Thermopolis, and about the head of Dry creek and along the 
outcrops northeast and south of Lander. In places the impressions of 
fish scales are so abundant in the Mowry beds as to show from 5 to 10 
on a surface 6 inches square. Near Fort Washakie and southwest the 
Mowry beds are about 500 feet above the base of the formation, but 
farther north there is less shale below them. Next above are several 
hundred feet of gray shales, the amount diminishing to the south, con- 
taining near the top one to three beds of gray to buff sandstone, usually 
constituting ridges, as shown in plate 30. Near Lander there are three 
of these beds, the top and lowest ones thin and partly shaly, the middle 
one hard and thick, locally attaining a thickness of 40 feet. A thin bed 
of coal occurs in one area which near Dallas has a local thickness of 18 
inches. A fourth sandstone is included near Fort Washakie. Near the 
top of the formation are from 100 to 150 feet of dark shales which con- 
tain lens-shaped concretions, mostly from 2 to 3 feet in size, containing 
Prionocyclus woolgari—a form highly characteristic of the uppermost 
portion of the Benton (Carlile formation) in most regions. It often 
attains a diameter of from 14 to 20 inches. The following section, meas- 
ured east of Black mountain, illustrates the stratigraphy of the formation 
in the western portion of the Owl Creek uplift: 


Section of Colorado Formation on Red Creek, 3 Miles East of Black Mountain 
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Feet 
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Dark shale, with several layers of hard, buff sandstone 
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Light gray sandstone, massive and moderately hard....... Pay, 

Brown and gray, hard, fine-grained sandstone, slabby...... 25 
Hard, gray shales and thin-bedded, fine-grained sandstones 
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Gray shales, containing near the middle 10 feet of hard, 
buff sandstone in two bodies separated by 20 feet of 
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The 40-foot stratum of light gray, sandy shale weathers to a light buff 
color, somewhat suggestive of the Niobrara formation in other regions. 
The top sandstone and possibly part of the adjoining shales, comprising 
the strata down to and including the light gray sandy shale which 
weathers to a light buff color, may represent the Niobrara formation. 
The fossiliferous sandstone varies in thickness from 5 to 25 feet and is 
persistent along both slopes of the uplift, rising as a low but sharp ridge 
conspicuous in Owl Creek valley and near Dry and Muddy creeks. On 
the east side of the syncline east of Dry creek the beds are vertical, and 
this sandstone filled with fossils rises as a wall 5 to 30 feet high. S. W. 
Williston*™* recently examined the upper beds of the Colorado formation 
southeast of Lander and proposes the name “Hailey” shale for some dark 
blue shales, 30 to 75 feet thick, yielding saurian remains. These shales 
contain two thin but continuous beds, the upper one of white clay and 
the lower of irony shale with numerous bones and fresh-water shells. 
Thirty feet above the “Hailey” beds are sandstone with rare Ostrea, and 
then about 600 feet of sandstone and shale with Pierre fossils, followed 
by 2,000 or 3,000 feet of Pierre shale. These “Hailey” beds are believed 
to be Niobrara and may possibly represent the Belly River series. 

North Platte basin to Rock River.—In the Rattlesnake Mountain up- 
lift the Colorado formation presents its usual features. The Mowry beds 
are prominent, but only about 80 feet thick, and lie approximately 700 
feet above the base of the formation. About 200 feet above the Cloverly 
sandstone is an 8-foot bed of gray sandstone. Toward the top of the 
formation is the usual bed of sandstone, 30 feet thick, and in places there 


17 Science, vol. xxii, October 20, 1905, p. 504. 
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are two sandstones. At the top are shales, probably representing the | 


Niobrara. Near Clarkson the upper sandstone is conspicuous and near | 
the mouth of Poison Spider creek there are 4 beds, the lowest 40 feet | 
thick with ironstone concretions at its top. These sandstones give rise 
to prominent ridges which extend along two anticlines from North Platte 
river nearly to Powder river. Near Platte river, southwest of Casper, — 
the lower shales contain a 40-foot bed of buff sandstone. The Mowry 
beds are 100 feet thick and overlain by 100 feet of black shale, followed 
by a succession of hard gray to buff sandstone and shales extending to the 
Niobrara limy shale, which outcrops at several localities. The lower 
Benton shales on Poison Spider creek, 8 miles east of Efell, contain a bed 
of sandstone saturated with petroleum, notably at the “oil spring.” This 
sandstone lies about 250 feet below the base of the Mowry beds. It ap- 
pears in the vicinity of Alcova, where it is about 8 feet thick, and lies 
midway between Mowry beds and Cloverly sandstone. The upper sand- 
stone forms extensive ridges west of Freeland, and the chalky deposits of 


the Niobrara appear a short distance above. In Muddy valley, south of - | 


Big Muddy station, the Mowry beds lie on 500 feet of dark shales with 
thin beds of rusty sandstone. They are hard shales, 50 feet thick, which 
weather to light gray color and rise in low but sharp ridges bearing scat- 
tered pines. Next above are 500 feet of dark shales, capped by a very 
conspicuous sandstone 20 feet thick, partly massive and partly thin- 
bedded, which contains many upper Benton fossils. This sandstone is 
overlain by 200 feet of dark shales with some thin layers of sandstone 
and horizons of concretions; then follows Niobrara, which is about 100 
feet thick and extends east to Boxelder creek. In the Medicine Bow re- 
gion the upper shale of the Benton is overlain by chalky deposits of Nio- 
brara, about 200 feet thick, which outcrop prominently in Chalk bluff 
east of Rock River, in banks along Little Medicine creek, in the river bank 
just north of Medicine Bow, and at intervals along the flanks of the 
Freezeout and Shirley uplifts. 


Section of Benton Formation, 2 Miles Northwest of Medicine Bow, Wyoming 
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On the northeast slope of the Shirley uplift the upper sandstone of the 
Benton is 30 feet thick, and it crosses Muddy creek as a prominent ledge. 
It is separated from the Niobrara, as usual, by 150 to 200 feet of dark 
shale with concretions. Along the southern and eastern flanks of the 
Freezeout hills the Mowry beds lie 600 feet below the upper sandstone. 
In this region and again west of Difficulty there is a local bed of sand- 
stone in the lower part of the Benton shales. North of the mouth of 
Medicine Bow creek the Mowry beds are about 60 feet thick and lie on 
200 to 300 feet of dark shale with thin local sandstone bodies. They are 
overlain by 800 feet of shale, followed by the upper sandstone member 
and about 120 feet of dark shale with concretions, which extends to the 
base of the Niobrara. The upper sandstone member is prominent in the 
Rock Creek district, giving rise to a long sinuous ridge. Northeast of 
Rock River station it consists of a 4-foot ledge of massive, buff sandstone, 
and the overlying shale is 350 feet thick. The underlying shale contains 
concretions and a persistent. bed of bentonite which is 4 feet thick for 
some distance. 

Laramie basin.—The Benton shale occupies a large portion of Laramie 
basin and it outcrops at intervals from the foot of Jelm mountain past 
Laramie and Howell. It outcrops along both sides of Centennial valley 
and appears in small areas in the valley near Jelm and on the slopes west 
of Red mountain. here are extensive exposures in the vicinity of Hut- 
ton lake, southwest of Laramie; in the hills 114 miles southwest of 
Howell, and in the railroad cuts a mile north of Howell. In the south- 
ern part of the basin the thickness is 700 feet, judging by a boring 10 
miles southwest of Laramie, which began near the top of the formation 
and reached the Cloverly sandstone at a depth of 600 feet. The thick- 
ness of the steeply dipping beds in Centennial valley is between 500 and 
600 feet. The rocks are mostly gray to black shales. The Mowry beds 
are about 200 feet above the base and consist of about 100 feet of the 
usual hard shales and thin-bedded, fine-grained sandstones, which weather 
to a light, silvery gray color and contain large numbers of fish scales. 
The ridges due to this member are especially conspicuous east of Jelm 
mountain, east and northeast of Hutton lakes, southwest of Howell, and 
in the anticlines near Medicine Bow, old Rock Creek station, and Freeze- 
out hills. The sandstone member near the top of the formation is 20 to 
30 feet thick and there are usually one or more thin beds of sandstone in 
the lower shales. Southwest of Howell station there are at the base 200 
feet of dark shales, including a 5-foot bed of buff sandstone 45 feet above 
the top of the Cloverly sandstone. Next above are 100 feet of Mowry 
beds overlain by 100 feet of dark shales with dark concretions. Higher 
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beds are concealed. Five miles east of Jelm mountain the Mowry mem- 
ber is underlain by 20 feet of drab, brittle, sandy shale, 6 feet of black 
sandstone, 4 feet of white sandstone, and 145 feet of black shale lying 
on Cloverly. On Laramie river, 3 miles north-northeast of Jelm moun- 
tain, the upper Benton beds are 5 feet of black shale, 27 feet of soft, gray, 
heavy, flaggy sandstone, 8 feet of interbedded sandstone and shale, and 
30 feet of black shale. In the syncline northeast of Red mountain, the 
lower 110 feet of the formation are black shales overlain by 30 feet of 
yellowish to gray shales, and then 10 feet of flaggy, buff sandstone con- 


’ taining impressions of long, narrow, willow-lke leaves. On the south- 


east side of Hutton lake, 10 miles southwest of Laramie, the steep-dipping 
lower Benton beds have 100 feet of dark shale-at the base, with a few thin, 
sandstone layers, 25 feet of gray sandstone, 30 feet of dark shale, and 
Mowry beds 100 feet or more thick. The lower shale also contains a bed — 
of bentonite in this vicinity. On the east bank of Sand creek, 11 miles 
northeast of Red mountain, the formation contains a bed of bentonite 
4 feet thick underlain by 7 inches of soft, gray sandstone. 

In Laramie basin the Niobrara formation outcrops at intervals from 
the foot of Jelm mountain northeastward past Laramie. It also outcrops 
on both sides of the synclne in Centennial valley; it appears in the 
faulted block near Jelm, and there is another small area 3 miles west of 
the summit of Red mountain. For much of its course, however, it is 
buried beneath later deposits. ‘The most extensive exposures are in the 
large hollows west of Laramie and in bluffs along Laramie river south- 
west of Laramie. It consists largely of impure chalk rock of light gray 
color which weathers bright yellow and contains large numbers of Ostrea 
congesta. The thickness is 425 feet in the sharp upturn 2 miles north- 
west of the Union Pacific Soda lakes, west of Laramie. The middle 
member is dark gray shale. The chalk rock is in beds varying from thin 
layers to slabs an inch or two inches in thickness, and sometimes it is 
sufficiently hard to give rise to buttes which are of conspicuous bright 
yellow color. 

East side of Laramie mountains.—On the east side of Laramie moun- 
tains the Benton consists mainly of shale, but several members are recog- 
nizable. The Greenhorn limestone of other regions is represented by a 
thin layer of impure slabby limestone containing the characteristic 
Inoceramus labiatus. The Mowry member is distinct, and near the base 
of the Benton there are 15 to 20 feet of hard sandstone, in most places 
rising in a small, sharp ridge often more conspicuous than the Cloverly 
sandstone. A representative section in vertical beds near Horse creek is 
as follows: 
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Section of Benton Formation West of Horse Creek Station, Wyoming 


Feet 
Black shale (overlain by Niobrara limestone)........ 10 
: Sandstone and sandy shale................. Sher oheiesiniets 20 
ee 5 Gray shale, with concretions containing Prionotropis 
CATE TOD saoocsondboanegdebDndoUOonGd Sia eteenccveue eels Soco 200 
Greenhorn..... Sandy limestone with Inoceramus labiatus........... Uy 
Shale, dark and fissile below............. RO DOO TOT 350 
Hard shale and thin-bedded, fine-grained, hard sand- 
stone, weathering light gray; many fish scales 
Graneros... (MOWRY DCIS) cosgeothoonooaanbnnonbo0csdooe srotncaha 80 
DAK SMO ssodusecononducobospodons Rare cae ORS ICG Cho Canine 30 
Hard, coarse sandstone, massive....................-. 25 
Dark shales, fissile to soft, on Cloverly sandstone...... 150 
PBotialersrecicmterres eustvevens Slee ooh euahe Maree elena retatrata ptetaree 86514 


Some of these measurements are uncertain, owing to talus or crushing. 

Near North fork of Horse creek the top member is 15 feet of slabby 
gray sandstone with some shale, lying on 20 feet of shale with oval con- 
ceretions. The Greenhorn limestone layer is about 1 foot thick, but 
yielded no fossils. In this vicinity the Mowry beds lie 500 feet below the 
Niobrara and grade down into 30 feet of black shale. The latter is under- 
lain by 25 feet of fine-grained, hard, white sandstone separated from the 
Cloverly by 200 feet of black fissile shale. This lower sandstone is con- 
spicuous in ridges south, east, and north of Iron Mountain station, where 
it is 25 feet thick and hes on 125 feet of dark shale. Above it are 50 feet 
of dark shale, grading into Mowry beds. The Niobrara formation ap- 
pears extensively at intervals from Lodgepole creek to Chugwater creek, 
east of Laramie mountains. A small outcrop occurs on Crow creek. 
West of Horse Creek station it is 375 feet thick and consists of limestone 
and limy shales, with a massive bed of limestone at the base containing 
Inoceramus deformis. Another bed of limestone occurs near the middle, 
while at the top are impure shaly limestones which weather to a bright 
yellow color. Slabby aggregates of Ostrea congesta occur in many of the 
beds, and this fossil also occurs disseminated in some of the layers. Near 
North fork of Horse creek the formation is 400 feet thick. 

Fossils—The principal fossils of the Benton formation are the very 
numerous fish scales in the Mowry beds and molluscan remains and sau- 
Tian and fish bones and teeth, which occur at various horizons. In the 
upper sandstone, near the foot of Jelm mountain, were found Inoceramus 
fragilis, together with fish teeth apparently of Ptychodus and Lamna. 
The upper sandstone also contains Prionocyclus, a fossil which is charac- 
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teristic of the upper portion of the Benton in a wide area of the Rocky 
Mountain and Great Plains provinces. 

The Niobrara chalky beds contain large numbers of Ostrea congesta. 
In sandstone high in the Benton, on Muddy creek south of Big Muddy, 
Inoceramus fragilis and Cardium paupereulina occur in abundance. In 
Wind River basin, in the vicinity of Dry creek and farther west toward 
the base of Black mountain, the top sandstone of the Colorado formation 
is highly fossiliferous, containing the following species, which have been 
identified by Mr T. W. Stanton: Ostrea coalvillensis Meek, Ostrea san- . 
nioms White, Anomia sp., Pecten sp., Inoceramus erectus Meek, Gervillia 
sp. cf.,G. propleura Meek, Cardium curtum M. and H., Cardium sp., Ana- 
tina ?sp., Turritella spironema Meek ?, and Baculites compressus Say. 
Mr Stanton states that they belong to a faunule that occurs in the 
upper part of the section at Coalville, Utah, and is also found in western 
Wyoming occupying the stratigraphic position of the Niobrara or not far 
above it. At no great distance above the sandstone occur distinctive 
Pierre fossils. 


MONTANA FORMATION 


Occurrence and general relations—The Montana formation underlies 
large areas in Wyoming, mainly in the many wide synclines between the 
larger uplifts. It is extensively overlain by formations which have been 
termed Laramie and Fort Union and widely overlapped by various Ter- 
tiary deposits. In central Wyoming it outcrops along the east slope of 
Wind River uphft east of longitude 109°, along the south side of Owl 
Creek uplift between Muddy and Dry creeks, across the south side of 
Bighorn basin, along the north side of the Rattlesnake Mountain uplift, 
in a broad belt extending through Casper to and down the South Powder 
valley, in the basins between Casper and Alcova, along the south side of 
Shirley hills, along the Muddy Creek-Medicine Bow basin, in a large por- 
tion of Laramie basin, and at intervals along the east side of Laramie 
mountains from Chugwater creek to Crow creek. The lower rocks for 
2,500 feet or more present all the characters of Pierre shale. They are 
overlain by sandstones, shales, and local coal measures representing the 
Mesa Verde, Lewis, and Fox Hills formations. The upper division occurs 
in the Wind River and Laramie basins, in a small area north of Freezeout 
hills, and in the broad basin which extends far to the east and northeast 
from Casper and Douglas. Both divisions appear also on Horse, Lodge- 
pole, and Crow creeks east of Laramie mountains, which indicates that 
they underlie the Tertiary deposits for some distance under the Great 
Plains. 
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Wind River basin—The broad syncline between the uplifts of Wind 
River and Owl Creek mountains holds a great thickness of Montana for- 
mation, but it is mostly covered by Tertiary deposits. Outcrops appear 
in the valleys of Muddy and Dry creeks, in the broad belt extending 
through Fort Washakie and Lander, and on the uplifts on Conant and 
Muskrat creeks. ‘The lower division, or Pierre shale, consists of a monot- 
onous succession of soft, dark gray shales with intercalated thin beds of 
sandstone in their upper part. ‘Their thickness is 2,600 feet on Dry 
creek, 2,250 feet on Muddy creek, where the beds are nearly vertical, and 
over 3,000 feet east of Lander. ‘The upper division consists of sand- 
stones with intercalated gray shales and sandy shales and local coal beds. 
The first bed of sandstone, from 200 to 250 feet thick, is usually suc- 
ceeded by sandy, carbonaceous shale which develops locally into coal. 
This coal is 8 feet thick for a short distance in the coal field 10 miles east 
of Lander and about 3 feet thick on Muddy creek. The upper division 
attains a thickness of 550 feet before it disappears under the Tertiary 
east of Lander, and about the same amount appears in the ridges on 
Muddy creek. In the uplifts on Conant and Muskrat creeks and on the 
north side of Rattlesnake mountains the Montana formation presents feat- 
ures similar to those described above. 

Laramie basin.—tIn the deep syncline west and northwest of Laramie 
the lower division of the formation consists of 2,500 to 4,000 feet of dark 
shales, with occasional thin beds of sandstone and numerous nodular con- 
cretions. ‘The sandstones are seldom over 5 feet thick and are separated 
by from 100 to 300 feet or more of dark shales. Toward the top the 
sandstones rapidly increase in number and frequency, and in places they 
constitute a passage series into the upper division. The latter usually 
begins with a prominent bed of hard, gray sandstone 60 to 80 feet thick. 
This sandstone outcrops most conspicuously in “Pine ridge,” which ex- 
tends along the Union Pacific railroad 2 to 3 miles southeast of Rock 
Creek station ; on the bank of Little Laramie river 17 miles northwest of 
Laramie; in a high knob 4 miles northeast of Sheep mountain; in a ridge 
extending southward from Rock Creek station, and in the syncline along 
the foot of Medicine Bow mountains 10 miles northeast of Centennial. 
It crosses Laramie river at Dun’s ranch, 13 miles southeast of Rock Creek 
station. Generally this sandstone contains concretions of harder rock 
and some darker gray layers. It is overlain by a variable thickness of 
softer sandstone of various kinds, followed by a succession of shales and 
sandstones. ‘The amount of sandstone in this member increases to the 
southward. Some of the rocks are carbonaceous and locally develop into 
-coal from a few inches to 4 feet or more thick. The most persistent coal 


eee 
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bed lies next above the heavy sandstone members in the Rock Creek re- 
gion, but there are also higher beds farther south. These coal deposits 
have recently been described by Mr Siebenthal.*® 

A typical section of the Montana formation was measured by Mr Sie- 


benthal, as follows : 
Section of Montana Formation Southeast of Rock Creek Station, Wyoming 
Feet 
Shalenettesern ceri shalia fener eens ooatatiatamcleceerstee Sestalerere 140 
Brown sandstone, partly conecretionary (Jnocera- 
mus, etcetera, Upper fossil horizon)............ 5 
Soft, gray sandstone with hard concretions........ 10 
TB Udh, SSG 2 os. Baercaspenciche Chea etter ee KIT Tee CO Re TS 200 
Concretionary sandstone (gasteropods, baculites, 
eteeheray aie c Gee ates ete CaO eee 5 
Gray. SaMdstome: A. 064 esis a clets lass eree = ste leserevn scree 12 
Upper division....J Buff shale ........... Fe Udiceteewiiers Ree Sate elo) 
Massive, disintegrated, gray sandstone; no fossils 20 
Shall rar Fics apeleleeicueret reverMoreies ueervevetomnenees OSA aise 5 125 
Massive, buff and brown, concretionary aandstone 
(Daculites)y tiwamec mcr <tsreeeele ahs Risch bcoreoletense ates 15 
Black shale with beds of coal..................... 560 
Shaly sandstone and shale (“Pine ridge” coal).... 30 
Massive white to gray sandstone; some shale in 
lenses (sandstone of “Pine ridge’)............. 60 
15332 
Sade ae siecsrbasiwiiitis etdieve sans casevdty camavone causes rele pense eaeat Remar tei 300 
Brown sandstone, round concretions (very few fos- 
STIS) ier duecevcrenerotevoustavetetetcnatsusne rare PRCaC cto ouoicio oes Ola NG 5 
Sale: ahi neck Mie se anes chaveueibs ov sherelas Cue tene, exe createnee eis 225 
Sandstone nodules (probably contain fossils) 2 
Shale” oi ccc s Scant iit Cee poten aeivstesvone ey ocieteoe creel 240 
Coneretionary sandstone (main collection of fos- 
H SUIS) Se igecsis ansisstiteueuetehs eetenoue ste seasonal tereue suetetenons pocdc 15 
i Lower division... Slaaller cig. cscrsetcneie sus are torerolele ie leronayatsieremtcneeateveversecrarete C 300 
Hl Brown sandstone, with oval concretions (few ke 
i SUIS ras, shdeslate GreveteyaletensiguaceerstoteradeNerene sousenes ste eer eers 3 
S060 Sea aE eS ein PRN Ross Ocha otic aio nus One ace Rote 2 bills) 
Gray sandstone (plants, baculites ?).............. 5 
Shales tikes seusMotvenrotrsener thet euedere enero etsteere revere since wee) 
Shale and claystone lenses (baculites)............ 10 
Sloe ear asm ee iy GIN GeraaO.clcido cic o ho Ris iohanstanersastsnerereee 150 
Sandstone, with round concretions........... eaetens 5 


Black shale, with thin beds of nodular sandstone.. 2,350 


Niobrara. 1 
see 4,150 
18 TJ. S. Geological Survey, Bulletin no. 316, pp. 261-263. 
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For many miles along the foot of Medicine Bow and Sheep mountains 
the Montana formation is faulted against the pre-Cambrian granites and 
schists. Farther north, in Carbon county, it is overlapped by sandstones 
which Mr Veatch regards as a higher, or true Laramie, formation. In 
this region Mr Veatch divides the Montana into Pierre shale and Mesa 
Verde sandstone, while the upper shale is regarded as equivalent to the 
Lewis shale of Colorado. i 

Hast of Laramie mountains —At the foot of the mountains the Ter- 
tiary is cut through by Crow, Lodgepole, and Horse creeks, and the Mon- 
tana and underlying strata are revealed. The outcrop of nearly vertical 
Pierre shale is over a mile wide on Horse creek. It gives place above to 
gray sandstone in which the dip rapidly diminishes, so that only a few 
hundred feet appear. ‘This sandstone with low dips occupies a wide out- 
crop zone west of the railroad, on the Middle and North forks of Crow 
creek. 

Fossils—Molluscan fossils occur in large numbers in the Pierre shale, 
or lower division of the Montana formation, throughout central Wyoming, 
but very few were collected outside of Laramie basin. Fossil leaves occur 
in the coal-bearing members, and, as shown by the geologists of the For- 
tieth Parallel Survey, and again, ten years ago, by Stanton and Knowlton, 
the marine Montana fauna, Pierre-Foxhills, recurs above the plant- 
bearing beds.*° ‘These latter observers examined the region lying between 
Coopers creek and Rock river. A few miles southeast of Rock River 
station, where the sandstone associated with the lower coal bed is 40 feet 
thick, plants were obtained, while in shales 100 feet or more above were 
found Baculites ovatus, Chlamys nebrascensis, and Inoceramus cripsii 
var. barabini. Near the railroad cut along the foot of “Pine ridge,” 2 
miles southeast of Rock Creek station, where the same sandstone is 60 
feet thick, additional plants were found, while in shale 500 to 600 feet 
higher occur Baculites compressus, B. ovatus, Avicula nebrascana, and 
some other forms. The shales below the prominent sandstone contain 
many fossils, mainly in the thin beds of hard sandstone which are in- 
cluded. Stanton and Knowlton gave a long list of typical Pierre fossils 
from one bed 400 to 500 feet below the coal and from another horizon 
300 to 400 feet lower. They also reported fossil plants from the lower 
sandstone of the upper division of the Montana where it crosses Laramie 
river at Dun’s ranch, northwest of Howell, but the plants were not all 
the same as in the region nearer Rock Creek station. Additional plants 
were obtained at the small coal mine on the North fork of Dutton creek, 
near the old stage road, where two of the species are the same as found 


1 Bulletin of the Geological Society of America, vol. 8, 1897, pp. 127-158. 
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near Rock River station. Three miles southwest, near the old stage road 
crossing of Cooper creek, they found in higher beds 25 species of a char- 
acteristic Fox Hills fauna. Plants were collected also at the “Dutton 
Creek” coal mine, 6 or 7 miles northwest of the coal mine above referred 
to. Owing to the limited exposures, the stratigraphic relation of the beds 
was not clear, but they appeared to be at a higher horizon than the older 
localities. Stanton and Knowlton concluded as follows: 


It is evident from the preceding that the coal-bearing series of the Laramie 
plains is in large part, if not wholly, older than the true Laramie, as that 
formation is usually defined, although it yields what has been supposed to be 
a Laramie flora; that is, instead of conformably overlying the Fox Hills beds, 
it is overlain by them or included within them.” 


. Marine fossils were collected from the Montana beds at two localities 
by Mr Siebenthal and determined by Mr Stanton. The species from 
Bengaugh’s ranch, on Cooper creek near the Albany-Carbon county line, 
are: Inoceramus cripsi var. barabint Morton, I. sagensis Owen, Ostrea 
pellucida M. & H., Avicula linguiformis BK. & 8., A. nebrascana EK. & &., 
Pectunculus wyomingensis (Meek), Modiola galpuniana (BK. & S.), Tan- 
credia americana M. & H., Callista (Dosiniopsis) nebrascensis M. & H., 
Baculites ovatus Say, Helicoceras mortom var. tenwicostatum M. & H., 
Placenticeras intercalara M. & H., and Leptosolen volutomorpha, (?) 
Acte@on, and Heteroceras. From beds shghtly higher were obtained Ino- 
ceramus cripst var. barabim and I. vanuxemi. From beds above the 
sandstone in “Pine Ridge,” 2 miles south of Rock River station, Wyoming, 
were obtained Avicula linguiformis EK. & 8., Inoceramus cripsi var. bara- 
bint Morton, Protocardia subquadrata K. & 8., Baculites ovatus Say, B. 
compressus Say, Micrabacia americana M. & H., Ostrea, Lucina, Capulus, 
Anomia, Pentacrinus, and Serpula. Fossils collected by me at various 
localities west of Laramie were determined by Mr Stanton. The upper 
beds of the lower division yielded Inoceramus barabini, Mactra gracilis, 
Cardium speciosum, and the latter also occurs abundantly in higher beds 
near Sheep mountain. The massive sandstone at the base of the upper 
division is highly fossiliferous on the bank of the Little Laramie river at 
J. Ernest’s ranch, 17 miles west of Laramie. It yielded Inoceramus bara- 
bint, I. sagensis, Avicula linguiformis, A. nebrascana, and Baculites com- 
pressus. In a slightly higher sandstone east of Sheep mountain I found 
a cast of an egg case of a fish classed by Dr Gill in the Harriotta.2° 

In the upper beds of the lower division (Pierre), 14 miles north- 
west of Howell, I discovered a skeleton of a saurian which Mr W. H. 
Reed, of Laramie, has identified as Cleosaurus. A collection of fossils 


*0 Science, vol. 22, 1905, pp. 601-602. 
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from the lower sandstone of the upper division, 2 miles south of Glen 
Rock, comprised the following species identified by Mr Stanton: Anomia 
sp. Avicula linguiformis, A. nebrascana, Modiola meeki, Lunatia occi- 
dentalis, Haminea occidentalis, Callista deweyt, and Scaphites modosus, 
all upper Montana forms. 


TERTIARY SYSTEM 


No detailed examination was made of the Tertiary deposits, but the 
limits of the larger areas were determined, as shown on the maps. The 
Wind River basin and broad divide north of Rattlesnake mountains con- 
tains a very broad belt of sands, sandstones, and clays, belonging mainly 
to the Wasatch formation (see plate 30). It extends eastward across the 
Powder River-North Platte divide, and thence southeastward in the high 


plateau which ends a short distance west of Alcova. To the south, in the — 


Sweetwater plateau, it is overlain by the Sweetwater formation of the 
Hayden Survey. The latter formation strongly suggests the White River, 
into which it appears to merge in the high plateau west of Alcova. In 
the upper part of Wind River valley the Wasatch is overlapped by a thick 
series of later Tertiary voleanic rocks with intercalated shales and sand- 
stones, which are part of the great area extending through Yellowstone 
park. The wide area of Tertiary constituting the high plateau extending 
south from Bates creek and into the valley of Little Medicine creek is 
mainly White River. It consists of light colored sandy clays, of which 
the basal member is the Chadron formation, or Titanotherium beds. The 
latter and the overlying Brule clay also occupy areas west, south, and 
southeast of Douglas and extend far up some of the mountain valleys 
south. They are revealed again in the valleys of Crow, Lodgepole, and 
Horse creek nearly to longitude 105° and down Chugwater creek to a 
point 8 miles south of Wheatland. They pass beneath the Arikaree for- 
mation, which consists mostly of sands and soft sandstones with basal 
conglomerate. This formation thickens rapidly to the east and north and 
extends far up the Laramie Mountain slopes on the divides and into some 
of the higher valleys. It is on this formation that the Union Pacific rail- 
road grade rises nearly to the eastern crest of the Laramie mountains. 


An area of sandy clay resembling Wasatch in appearance occupies a basin | 


on Dutton-Cooper creeks. Small outlying areas of unknown age lie on 
the mountain slopes south of Centennial and west of Red mountain. 
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GroLocic History 
IN GENERAL 


The rocks of central Wyoming are the products of Middle Cambrian to 
Recent time, but several important periods are not represented and parts 
of the geologic history are very obscure. 

To the southeast, where the pre-Cambrian rocks are directly overlain 
by later Carboniferous deposits, the history of the long Cambrian, Ordo- 
vician, Silurian, and early Carboniferous periods is not apparent. 


EARLY PALEOZOIC CONDITIONS 


Judging by absence of deposits and by overlap relations, a large portion 
of the Rocky Mountain province was a land surface in earlier Paleozoic 
times. The lands were probably large islands, which were to some degree 
coextensive with the present mountain province, but the peripheral shores 
are not even approximately determined for any one epoch and the rela- 
tions of land and sea varied greatly from time to time. Doubtless there 
were intervals of partial submergence with deposition of materials which 
have been more or less completely removed in succeeding uplifts. 


CAMBRIAN SEA 


The great interior seas of Cambrian time apparently did not cover all 
of the Rocky Mountain province, and even in the deepest submergence in 
the Middle Cambrian the present Laramie range and some adjoining re- 
gions were islands probably in an extensive archipelago. In central 
Wyoming, however, there were marine conditions for a while, as shown 
by several hundred feet of Middle Cambrian sediments. Much local ma- 
terial was deposited in this epoch, especially in the earlier stages, but finer 
grained muds were also laid down. ‘The limestone conglomerates at the 
top of the Deadwood formation indicate recurrence of shallow water con- 
ditions, probably the beginning of emergence which lasted through the 
latter part of Cambrian and the earliest part of Ordovician time. During 
this epoch the land area extended widely over the northern Rocky Moun- 
tain province. How much of the Cambrian was eroded is not known, 


_ and therefore it is not feasible even to suggest the location of the shore- 


lines of Middle Cambrian deposition. 


ORDOVICIAN SUBMERGENCE 


During the Trenton epoch much of Wyoming was submerged and a 
thick body of limestone laid down. The southern limit of deposition 
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apparently passed east and west across central Wyoming from the south- 
ern part of the Bighorn uplift to the south end of the Wind River range. 


SILURIAN-DEVONIAN HIATUS 


From the close of the Trenton to early in Carboniferous time central 
Wyoming presents no record, the later Ordovician, Silurian, and Devonian 
being absent. Whether the region was land or sea, or alternated from 
one to the other condition, is not known, but there is no evidence of exten- 
sive uplift or deposition. Any deposits laid down are gone now in the 
wide area in which the Carboniferous lies on Middle Cambrian or older 
rocks. 


CARBONIFEROUS SEA 


Early in the Carboniferous period there was deep marine submergence 
in a large part of the northern Rocky Mountain province, and a thick de- 
posit of limestone resulted. It covered Ordovician sediments in northern 
and north central Wyoming, but overlapped onto Middle Cambrian and 
pre-Cambrian rocks to the south. The submergence did not reach the 
area now marked by the Laramie range until late in Mississippian time, 
and then only covered its northern end. The sediments were mostly car- 
bonate of lime. In later Carboniferous (Pennsylvanian) time, however, 
the waters covered most, if not all, of the province, and many of the sedi- 
ments were the coarse materials of an advancing shoreline. In these 
times the old erystalline rocks of the lands, having been deeply eroded, 
decomposed, and completely oxidized, furnished a large amount of coarse 
material and much red clay. When the waters had deepened somewhat 
limestones were deposited, but there were intervals in which sands and 
red muds were the principal deposits, especially far to the south and 
southwest, where these materials predominated because of shallower water 
and stronger currents in that direction. 


RED GYPSIFEROUS SEDIMENTS 


In the later part of Carboniferous time, and probably during the Per- 
mian also, there was widespread emergence, resulting in shallow basins 
with very wide mud-flats which occupied a large portion of the Rocky 
Mountain province. In these regions were laid down the last deposits of 
the Pennsylvanian division and the great mass of red clay and sands con- 
stituting the Chugwater formation. These beds probably were largely 
deposited by saline water under arid climatic conditions and accumulated 
in a thickness of 1,000 feet or more. The waters were shallow much of 
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the time, and there were wide, bare wash-slopes and mud-flats, as is indi- 
cated by the frequent mud-cracks, ripple-marks, and impressions of — 
various kinds on many of the layers throughout the formation. The 
nearly general red tint of the deposits doubtless was the original color, for 
it is present-not only throughout the extent of the formation, but also in 
most beds through its entire thickness, as is shown by deep borings. At 
various times accumulation of sand and clay was interrupted by chemical 
precipitation of comparatively pure gypsum in beds ranging in thickness 
from a few inches to more than 67 feet and usually free from mechanical 
sediment. It is apparent that this gypsum is the product of evaporation 
while mechanical sedimentation was temporarily suspended—a condition 
indicative of greatly diminished rainfall; otherwise it is difficult to under- 
stand its nearly general purity. The Chugwater red beds have been sup- 
posed to represent the Triassic, but in part at least they are probably 
Permian. Their deposition appears to have been followed by extensive 
uplift without local structural deformation, but with general planation 
and occasional channeling which represents a portion of Triassic time of 
I unknown duration. It was succeeded by the deposition of later Jurassic 
| sediments. 


JURASSIC TO CRETACEOUS SEAS 


A 
| The absence of Jurassic sediments in the central and southern portions 
| of the Rocky Mountain province indicates that this region either was a 
| land area throughout Jurassic time or that any Jurassic deposits laid 
down were removed by late Jurassic or early Cretaceous uplift and ero- 
sion. The southern margin of the area of known Jurassic deposition 
| passed across the middle portion of the Laramie basin, but it extended 
1 farther south along the front range of the Rocky mountains to a point in 
Colorado a few miles south of the Wyoming boundary. That this sub- 
mergence was marine is indicated by the fossils. 

The area of Jurassic deposition extended far to the north through — 
Wyoming and Montana, to the northeast beyond the Black hills, and | 
probably a hundred miles or more east of the Laramie mountains. The 
materials are fine-grained, especially in the upper beds, which are mostly 
shales, and therefore indicate the absence of strong currents. 

During the long portion of Mesozoic time which followed the marine 
Jurassic there were deposits of various kinds, but generally uniform over 
wide areas, gathered in a great series, beginning with such as are charac- 
teristic of shallow waters along a coastal plain, passing into sediments 
from deep marine waters, and changing toward the end to fresh-water 
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sands and clays with marsh vegetation. The first deposits now constitute 
the Morrison formation—a widespread mantle of massive sandy shales 
which extends through the Rocky Mountain province from Montana to 
New Mexico. The materials were laid down in a shallow hody of fresh 
water with wide mud-flats, and the deposits were- mixtures of clay and 
fine sand with thin, irregular bodies of coarser sand deposited by streams 
or currents. Occasional thin beds of impure carbonate of lime were also 
formed. Huge dinosaurs were numerous, for their remains are now 
found in abundance in the formation. 

Morrison time was succeeded in the early Cretaceous by a rapid change 
to widespread coastal plain conditions, under which the coarse-grained, 
massively bedded conglomerates and sandstones of the Cloverly (Lakota) 
were deposited. Although the deposits change abruptly and there is occa- 
sional local channeling of the surface of the soft Morrison shale, there 
appears to have been only the small amount of erosion that would be ex- 
pected from the strong currents which carried the coarse Cloverly de- 
posits. If there had been any great interval of uplift and erosion follow- 
ing Morrison deposition, the soft clay would have been widely removed. 
The coarse deposits of the Cloverly sandstone were derived from sources 
not clearly located and spread by currents over a wide area. ‘The coarse- 
grained lower member, usually about 50 to 60 feet thick, gives place to a 
medial member of clay mostly of purplish color, not unlike the Morrison 
beds, which is beheved to represent the Fuson formation of the Black 
hills. It appears to extend southward into a member of the Comanche 
group. The top sandstone, resembling the Dakota sandstone of other re- 
gions, indicates a resumption of the strong currents which deposited the 
sands of the basal member of the formation. 

Following the deposition of the great sheet of sandy sediments of 
Cloverly-Dakota time, there was a rapid change to clay deposition, of 
which the first representative is the widespread Benton shale. This in- 
augurated the vast Later Cretaceous submergence in which marine condi- 
tions prevailed, and it continued until several thousand feet of clay were 
deposited during the Benton, Niobrara, and Pierre epochs. In Benton 
time there were occasional deposits of sand, and one of them, in the latter 
part of the epoch, was general over the greater part of the northern Rocky 
Mountain region. Another marked episode was that which resulted in 
the deposition of the thin Greenhorn limestone in the middle of the Ben- 
ton sediments along the east front of the Rocky mountains from the Black 
hills to New Mexico and far eastward into Iowa. The great extent of 
this highly characteristic limestone is an impressive feature, for it indi- 
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cates a uniform condition of sedimentation over an area of many thou- 
sands of square miles. The shale of the Benton was followed by several 
hundred feet of sediments, now constituting the Niobrara formation. 
The material was mostly impure chalk in the central portion of the prov- 
ince, but this gave place to shale and sandstone farther northwest. This 
epoch was succeeded by the Pierre, in which a thick mass of shale 
was deposited under very uniform conditions. The retreat of the late 
Cretaceous sea began in the later Montana or Fox Hills epoch, when a 
widespread mantle of sands was laid on the great series of clays. With 
farther retreat of the sea extensive land surfaces were exposed, diversified 
by large bodies of brackish or fresh water, which received the sands, clays, 
and marsh deposits of the end of the Cretaceous period. Marine condi- 
tions recurred locally in later Montana time, as shown by recurrence 
of the characteristic fauna in shales overlying the earlier coal measures. 


Whether or not the late Cretaceous sediments were deposited over the 


area now occupied by the Laramie mountains and the similar uplifts is 
not definitely known, but it is possible that they were, as they are up- 
turned along the sides of the various uplifts. The conditions in central 
Wyoming during Fort Union, Denver, and Arapahoe times are not 
known. 


EARLY TERTIARY MOUNTAIN GROWTH 


There was extensive uplift in the Rocky Mountain province in early 
Tertiary time. This fact is clearly indicated in most of the mountain 
regions by the occurrence of Eocene and Oligocene deposits lying on 
eroded surfaces having the general outlines of the present configuration. 
A very great amount of material was eroded from the higher parts of the 
uplifts, and while a portion of it is represented by various formations, 
much has disappeared. Broad areas were baseleveled at this time, and it 
is believed that the old plain on top of Laramie mountains is of early 
Tertiary age, and has since been considerably uplifted. There are no 
traces of the Wasatch and Bridger formations east of the Laramie moun- 
tains, and they have not been identified with certainty in the Laramie 
basin. It is probable that there was some deposition in southeastern 
Wyoming in that portion of early Eocene time, but if so the deposits 
were removed there prior to the Oligocene time; so that the local condi- 
tions are not known. 


OLIGOCENE TO PLIOCENE DEPOSITION 


In later Tertiary times, after the outlines of the great mountain ranges 
had been developed, there was a long period in which streams of moderate 
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declivity flowed across the Great Plains region and through many of the 
wider valleys between the mountains. These, with frequently varying 
channels and extensive local lakes, due to damming and the sluggish flow 
of the water, laid down the widespread mantle of the White River de- 
posits of Oligocene age. The first of these were the sands of the Chadron 
formation, which occur partly as channels filled with coarse sandstone 
and show clearly the course of old currents. Later, in slack water and 
areas of overflow, fine sands, clays, and fullers’ earth were laid down to 
a thickness of a hundred feet or more. Some thin but very widespread 
sheets of limestone at or near the top of this formation indicate the pres- 
ence of extensive fresh-water ponds. 

The Brule clays, which follow the Chadron beds, indicate a continua- 
tion of stream deposition, but with currents less strong and with more 
extensive local lakes and slack-water overflows. The almost general fine- 
erained character and regular bedding of the Brule sediments indicate 
that stream declivities either were low or rapidly became so. The original 
extent of the White River deposition is not known because so much of the 
formation has been removed by erosion. 

At the beginning of Miocene time the general conditions had not 
changed materially, but the great silt-depositing streams were given in- 
ereased declivity doubtless by general uplift. They first eroded the sur- 
face of the Brule clay and other earlier\ formations, and then deposited 
upon them a sheet of sands at first with many local deposits of coarse 
gravel and boulders. This was the Arikaree formation. It was spread 
widely over the central plains region, and in some areas attained a thick- 
ness of nearly 1,000 feet—a flat alluvial fan of wonderful extent. It was 
deposited far up the east slopes of the Laramie mountains and buried 
some of the lower ridges. This time was followed by a long epoch of 
general uplift and gradual erosion, which in the central Wyoming region 
‘continued through the remainder of Tertiary time, and some of the ero- 
sion products were carried away by streams and spread over portions of 
the country east and south. 


QUATERNARY CONDITIONS 


At the beginning of the Quaternary time all the broader topographic 
features of today were outlined and largely developed. The streams 
had not cut their valleys so deep and the wide plains of Tertiary deposits 
were more extensive. During the Glacial epoch there were numerous 
glaciers of moderate size on parts of Wind River and Bighorn mountains 
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and Medicine Bow range, but no trace of their presence has been found 
on the Laramie mountains or Black hills. As Quaternary time pro- 
gressed, the streams spread wide bodies of alluvial deposits along the 
wider valleys, and in later times, as the streams cut to lower levels, these _ 
deposits remain on higher terraces. 
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GENERAL CHARACTER OF THE BASINS OF BOTH LAKES 


TOPOGRAPHY OF THE BASINS—COMPLEX 


The general character of the topography of the basins of the different 
lakes can be most readily understood from the standpoint of a physiog- 
rapher by describing the region as an ancient belted coastal plain subse- 
quently modified by glacial ice. The inner lowland, that bounded on the 
south and southwest by the Niagara cuesta, is occupied in part by the 
Georgian bay and in part by the bed of lake Ontario, there bemg also in 
Ontario an unsubmerged portion of this lowland lying between the two 
bodies of water just mentioned. The outer lowland, bounded by the 
margin of the Cumberland plateau, is in its lowest parts occupied (in 
part) by the beds of lakes Erie, Huron, and Michigan. . The waters of 
Georgian bay, which is confluent with lake Huron, cover parts of the 
inner and innermost lowlands, and in this area the escarpments separating 
the three lowlands are partly submerged at the present time. 

There seems to be little doubt but that immediately prior to the advent 
of the Glacial period the topographic features of the rock-basins of the 
Great Lakes region were developed in all their essential features at least 
as much as we find them today. During the Glacial interval the topogra- 
phy already developed was modified both by degradation and aggradation 
within the basins, so that at the time of withdrawal of the last ice-sheet 
the relatively simple topography of the rock-basins had become more com- 
plicated by the superposition in many parts of the basins of till and other 
glacial materials. During the interglacial intervals the glacial debris of 
the earlier periods was variously shifted by aggrading and degrading 
agencies. During the Great Lakes period immediately following the last 
Glacial epoch, while the bedrock topography was little modified, we find 
that in places the glacial materials were partially eroded, and that the 
eroded material was deposited elsewhere. Although the total amount of 
material thus shifted was large, relatively it was too small to have any 
great effect in modifying preexisting topography in the basins now occu- 
pied by the waters of the Great lakes. 

INITIAL CHARACTER OF THE SHORELINES 


We find that the initial topography of the basins was somewhat com- 
plex. In small part the lakes were bordered by portions of bedrock topog- 
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raphy of the pre-Glacial cycle, modified it is true by glacial scouring. In 
larger part they were bordered by morainic materials of different types 
and by lacustrine deposits. 

The initial shorelines would be uneven and irregular, and the materials 
bordering these shores would be of very diverse character—hard rock, 
almost equally hard clay, soft shales, and softer sands and gravels. 
Prominent headlands would be formed by some drumlins and moraines, 
while elsewhere low sand flats would be formed by some glacial sand 
plain, or long narrow points by the partial submergence of cuesta ridges. 


FEATURES OF THE PRESENT SHORES 


LAKE ONTARIO 


Shore-cliffs—At the present time there are many places where the 
lake shore is bordered by a sea-cliff cut in glacial debris or in bedrock. 
In the great majority of cases there is a beach of shingle and sand between 
the base of the cliff and the water; still there are some localities where the 
water reaches to the foot of the cliff. As the shores are visited from year 
to year, the conditions have been found to vary. The periodical fluctua- 
tions in the water level, apparently due to variations in the annual rain- 
fall over the whole basin of the Great lakes, may in part be responsible 
for some of these changes. In some years there are quite extensive 
stretches on the north shore of lake Ontario, where the waves attack the 
very foot of the sea-cliffs. At the present time (1908) the only localities 
where the water when quiet reaches to the base of the cliffs occur along 
the shore at several places west of Lorne Park, where the sea-cliffs are cut 
in Medina shales. 

The beaches around the shores of lake Erie are characteristically wider 
and of gentler slope than those on lake Ontario; probably this is because 
lake Erie beaches are more frequently sand beaches, while on Ontario 
gravels predominate. LHrie is also a much shallower lake and of greater 
area than Ontario, and its waves would be modified and more easily 
influenced by bottom conditions. 

While in its initial stages the shoreline of lake Ontario was very uneven, 
the subsequent operation of shore processes has tended to reduce the 
smaller irregularities and to straighten all shorelines. We accordingly 
find that headlands have been reduced, spits and bars have been built 
across the intervening bays, more or less completely closing them, and a 
nearly continuous beach of loose waste has been formed. 

Bay-bars and spits at the east end of the lake-—South of the mouth 
of Stony creek, at the east end of lake Ontario, for about 21 miles there 
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is a nearly continuous strip of wide beach, the greater part of which con- 
sists of sand with some gravel. There is reason to believe that the initial 
topography of the district was that of a series of confluent river valleys 
divergent toward the northeast. The glacial modifications were very 
shght, and consisted largely in the addition of a surface blanket of loose 
waste. In the early history of the present lake partial submergence of 
these valleys produced a number of deep bays with rocky points between. 
At the present time all of these bays are cut off from the main lake by 
the series of bay-bars under discussion. 

From its position with reference to the open lake, the coast is exposed 
to the direct action of winds and waves, which have the full sweep of the 
lake. Master storms would advance on the beach front almost normal to 
its face. The character of the material of which the bars are built shows 
that it did not come from the north. Material brought by shore trans- 
portation from the west would nearly all tend to be deposited in the 
southeast corner of the lake, southwest of Port Ontario, by reason of the 
form of the shore at this locality. Very little, if any, of it would move 
northward along the beach. An investigation of the beaches themselves 
shows numerous minor irregularities, with no systematic development of 
offsets or overlaps, conspicuous features of several barrier beaches else- 
where on the lakeshore where longshore transportation is undoubtedly the 
dominant factor in their construction. 

In the initial stages the interbay headlands undoubtedly supplied a 
small amount of material to construct wing-bars on each side of each 
headland. The present bars, however, contain an enormous amount of 
material, far more than could have been supplied by the preexisting head- 
lands, assuming topographic forms and conditions to have been even 
moderately uniform and similar to that over the area adjacent to the 
shoreline. Hence not only directly, but indirectly, are we led to the con- 
clusion that these bars have been built up by material thrown up from the 
bottom of the lake by waves. 

The barrier bars at Wellers bay, Big Sandy bay (West lake), and Little 
Sandy bay (East lake), in Prince Edward county, are also barriers of 
this class. There is reason to believe that the amount of material that 
could possibly have been supplied by the adjacent headlands would have 
been too small to construct them. They also have probably been built 
from waste cut by the waves from the bottom above wave base. 

The form of the shoreline here produced is an excellent example of the 
tendency of shore processes to reduce a complex shoreline to as relatively 
a simple form as possible during the initial stages of its history. 
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Barrier beaches——Small barrier beaches inclosing lagoons are found 
at several localities along the north and south shores of the lake. In 
practically every instance they are to be attributed to the action of long- 
shore transportation, which has built them from materials derived from 
the adjacent sea-cliffs. ‘The more important of the bays or harbors in- 
closed by these barriers are Burlington bay, Frenchman bay, Whitby 
harbor, and Port Darlington harbor on the north shore; Little Sodus bay, 
Big Sodus bay, and Irondequoit bay on the south shore. 

The largest and most important of these barrier beaches is that at the 
west end of the lake, known as Burlington beach. This consists of a low 
beach ridge, built of sand and gravel, stretching across the west end of the 
lake in such a way that it forms the third side of a triangular bay, nearly 
equilateral in outline, at the west end of the lake. The bar has a surface 
width of about 500 yards and a length of nearly 7 miles from shore to 
shore. The greater portion of the material in the beach came from the 
east along the south shore. At the north end, however, much of the 
waste evidently came from the north shore of the lake. 

Special features: Presque Isle tombolo—Lying about 2 miles off the 
north shore of lake Ontario a few miles east of Lakeport is a low cuesta 
of Trenton limestone, the crest of which lies nearly parallel to the 
mainland. This rocky ridge, once probably an island, is now tied to the 
mainland by a long sand bar. At present the tie bar is about three- 
quarters of a mile in width at its narrowest point. The bar is concave 
westward and its outer end is attached to the west end of the rock cuesta. 
The beach is built of sand and gravel and presents a broad, slightly ter- 
raced slope to the west. The sands and gravels of which it is built have 
been transported from the west along the shore. They were derived from 
a series of low sea-cliffs cut chiefly in interglacial sands and gravels. 

Back of the beach is a series of sand dunes rising about 50 feet above 
lake level. The dune belt is about a quarter of a mile in width. The 
greater portion of it is stationary, but in a few places the sand is slowly 
overwhelming the marshes and woodlands which lie east of it, on the 
earlier built portions of the bar. The east side of the bar is overgrown 
with marsh grasses and slopes gently down below the level of the water 
of Presque Isle bay. 

Toronto island——The harbor of Toronto is formed by a flying spit, 
composed of gravel and sand, which lies about 2 miles offshore (at the 
west end). The eastern end of the spit is connected with the mainland 
near the eastern city limits by a long, low, narrow bar. The length of the 
bar and spit together is about 414 miles. At the western or free end 
the gravels have been looped northward. 
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A study of old maps of Toronto harbor shows that there has been a 
progressive growth westward since the first map was prepared, in 1793. 
The record of successive recurvements at the western end of the island is 
still preserved in the numerous lagoons found on the island at this end. 
Sir Sanford Fleming,’ in an able article read before the Canadian Insti- 
tute in 1850, attributes the groundwork of the peninsula to the Don 
river. The peninsula proper he attributes solely to the mechanical action 
of the waves. The sand and gravel of which it is composed he considered 
to have been transported from the eastward gradually and deposited on 
the delta of the Don, and the delta was then raised above the surface of 
the water and extended far beyond its original limits. While the writer 
agrees in the main with this opinion, he is inclined to attribute to the 
Don and its delta a very minor importance. 


Ficurp 1.—Toronto Island, 1880 


City Engineer’s Survey 


The Don, the Humber, the Rouge, and a number of other streams in 
the district have cut wide, deep valleys in the glacial debris back of the 
lake shore and have undoubtedly brought large quantities of material 
down to the shore. A very considerable portion of this erosion took 
place not only prior to the building of the peninsula, but also prior 
to the formation of the present lake. Evidence of this is found in the 
fact that east of Toronto there are a number of valleys which show 
mature development and grading accordant with abandoned lake levels 
below the Iroquois but above the present lake level, and more recent ad- 


2 Proceedings of the Canadian Institute, vol. ii, 1853-1854, pp. 105-107 and 223-230. 
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justments to the present water level. Both the Rouge and the Humber 
have also excavated larger and broader valleys than the Don, and in prac- 
tically the same kinds of material, but have built no appreciable deltas at 
their discharges. It must, however, be remembered that in distributing 
stream waste which is discharged into the lake the waves will distribute a 
considerable portion, consisting largely of the coarser debris along the 
shores; a smaller portion of the coarse material and almost all of the fine 
will be carried out and deposited in deeper water. Waste deposited below 
wave base would gradually accumulate in front of the mouths of these 
streams faster than elsewhere and a subaqueous platform would gradually 
be built. This platform would be the initial feature for the building up 
of a delta in later stages of the lake’s history, had it happened that the 
supply of waste brought by the streams was greater than the shore 
processes were able successfully to distribute. This platform must also 
have hastened the rate at which the spit, once started, could have been 
built up, since it would reduce the amount of filling that otherwise the 
shore processes would have to perform. 

Lake Ontario stood at its present level long enough prior to the forma- 
tion of Toronto island to cut a sea-cliff along the shore that now forms 
the mainland adjacent to the harbor. The old bench line can be traced 
for some distance east of the Don, but opposite the eastern end of Ash- 
bridge bay, if the old abandoned beach exists, it is not readily distin- 
guishable. There is enough of the old beach discernible to show that 
Lake Ontario waves were once actively cutting at the Don mouth, from 
which it is inferred that at that time the Don delta was not encroaching 
- on the lake shore. 

Coming west from Scarboro along the lake shore, one readily notes 
that there is a rather obtuse angle between the shoreline in front of the 
bluffs and that of the old beach back of Ashbridge bay and Toronto 
harbor. An examination of the present shore will show several other 
places where similar abrupt changes in the direction of the shoreline 
occur. One of the most salient of these points is Raby head, near Port 
Darlington. On a number of occasions, when strong storms were blowing 
from the southwest, the writer has observed the waters of the longshore 
current moving eastward along the coast and discharging out into the 
clear waters of the lake off Raby head. The discolored water, which 
marked the course of the current, could readily be seen for as much as 3 
miles east of the head, lying probably about 2 miles offshore, with clear 
blue water between it and the mainland. At Raby head at the present 
time no prominent bar has been built to reach above water level and the 
soundings available are not detailed enough to show that a bar exists, 
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though it is extremely probable that one is being built. The nature and 
persistence of the discharge, however, offers a suggestion as to the results 
that might be brought about were a large amount of waste supplied to 
the longshore current before it passes out into deeper waters. 

At Scarboro and Toronto the strongest waves and associated longshore 
current would come from the east and southeast in former times as now. 
Because of the marked change in the trend of the coastline, the longshore 
westbound current would tend to discharge out into the lake at the point 
where the relatively abrupt change in the direction of the shoreline took 
place. The cliffs at Scarboro would supply an exceptional amount of 
loose debris, much more than is found anywhere else along the north 
shore. The result would be the construction of a flying spit from Scar- 
boro waste reaching out into the lake from the point of discharge of the 
shore current. This spit would gradually increase in length and also 
tend to broaden. In time it would protect the land adjacent to the 
mouth of the Don from the eastern storms. Such storms as came from 
the west would not only be weaker agents of shore process, but would 
tend to force the debris which the Don was discharging into the lake back 
into the bay between the flying spit and the shore. In the early history 
of the lakes and of the bar it seems probable that the greater portion of 
the debris from the Don, like that from all the other streams up to the 
present time, was distributed along the shores by the shore processes, and 
that no distinctive delta was built up. In later times the protection 
afforded by the young Scarboro spit guarded the mouth of the Don from 
the master storms, and forthwith it began to build up a delta and to aid 
in the filling of what is now Ashbridge bay during the course of the delta 
formation. ‘The westward progress of the spit was, however, far more 
rapid than the Don filling, so that in time the portion that now forms 
Toronto harbor was built west of the Don mouth. 

At first the bar would be narrow and ridge-like, but as the apex ad- 
vanced into deeper water its progress westward would be slower, giving 
time and opportunity for storms from other than the dominant direction 
to variously modify its apex. The general history of all such spits seems 
to be that when they reach deeper water the outer end shall be turned 
shoreward by waves and currents from deeper water offshore. The com- 
bined action of forward building and shoreward spreading lead, in this as 
in other cases, to the broadening and hooking of the free end of the spit, 
and incidentally to the inclosing of a number of lagoons between minor 
bars built at successive intervals, according as the longshore or transverse 
processes were the more active. 
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Sand dunes at local points—-An incidental feature associated with 
the formation of sand beaches and barriers at the eastern end of the lake 
is the occurrence of several series of sand dunes at the backs of several of 
the beaches. These dunes are built by sand blown shoreward from the 

gently sloping beaches by the stronger winds and gathered in drift-like 
"waves or ridges some few yards behind the wave-swept zone. Low dunes 
only 5 or 6 feet in height occur on the mainland shore just west of the 
Presque Isle tombolo. A belt of dune sand about a quarter of a mile 
wide, some of the dunes being nearly 50 feet in height, has been noted 
as occurring on the neck of the Presque Isle tombolo. Small dunes, the 
highest about 25 feet above lake level, occur near the south end of the 
sand spit which incloses Weller bay. Similar dunes, but larger, are found 
on the bar—heaches which inclose West and East lakes south of Welling- 
ton. The highest of these dunes, at the southwest end of East lake, has 
an elevation above lake level of about 100 feet. About 45 years ago the 
protecting growth of scrub oak, red cedar, white cedar, white pine, and 
various bushes was partially or wholly removed. Since that time the 
dunes have moved landward about one-quarter of a mile. They are now 
slowly encroaching upon good farm land at the southeast end of the lake. 
Some futile attempts seem to have been made to stop the encroachment 
by planting willows and white cedar. The latter are all dead and the 
former are not thriving greatly. The tops of cedars and some few pines, 
which grew upon the land behind the dune belt in the early days, are now 
just visible above the sand. 

A row of low dunes, more or less covered with a growth of white and 
red cedars, basswood, and oak, occurs along the bars built across the sey- 
eral bays at the east end of the lake. 


LAKE BRIE 


General character of the Lake Erie shore-——The Lake Erie shore dif- 
fers from that of lake Ontario mainly in the character of its beaches, 
which are usually very broad and of a low angular slope. Nearly the 
entire shoreline of the lake on the north side is bordered by bluffs of 
loose glacial waste, and the amount of shore waste is much greater than 
on the other Jake. The initial topographical forms were almost wholly 
glacial, and even in its early stages the shoreline must have been rela- 
tively simpler than that of Ontario. Bay-bars which can be attributed to 
the direct action of the waves are not present. There are a few large 
bays cut off from the main lake by barrier beaches, such as East and West 
harbors, between Catawaba island and Sandusky. A number of smaller 
barrier beaches occur along both the north and the south shores of the 
lake. In every instance the waste composing them seems to have been 
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derived largely from the adjacent cliffs; the beaches were built up by the 
action of the surf and the associated longshore current. 

Excellent examples of the flying spit are found at Erie harbor (Presque 
isle), Sandusky harbor (Cedar point), Maumee bay (Grassy point), and 
at Long point. The cuspate foreland is represented by Turkey point, 
Point aux Pines at Rondeau, point Pelee, Cedar point on Maumee bay, 
and by several minor points. In the present article the descriptions are 
limited to the most important of these. 

Special features: Long point.—Long point is a low lying flying spit 
composed of sands and gravel. The apex of the point lies about 21 
miles east of the place of junction between the bar and the mainland. 
At its widest place it is 3144 miles across. The eastern or free end lies in 
lake Erie nearly south of Port Dover and 18 miles from shore. The 
lakeward side of the spit is a continuous beach of gravel and sand. The 
inner or bay side is covered by extensive marshes. Two prominent fore- 
lands, Pottohawk poimt and Bluff point, project from the inner side out 
into Long Point bay. These points were probably formed during the 
earlier history of the spit and indicate that during the earlier stages of 
its growth the point was hooked inward and progress eastward was re- 
tarded. At the present time the northeast facing portions of the inner 
side of the Long point are exposed to the action of waves from Long 
Point bay. East of Pottohawk point the shore of the spit presents a 
narrow beach; at Bluff point the lake charts show that a local shoal has 
been formed, extending out into the bay toward the northwest. Blown 
sand forms low ridges over the interior of the island. Most of the low 
dunes are covered either with a thick growth of grasses and sedges or 
with trees. 

The Long Point beach starts to swing away from the mamland about 1 
mile east of the west town line of Walsingham township. From this 
place an old line of sea-cliffs can be readily traced to Port Rowan, and 
thence passing back of Turkey point to the main shore near Normandale. 
Between the present beach and the old shoreline, from the Walsingham 
town line to Port Rowan, there is an extensive swamp area partly over- 
grown with timber. For about 4 miles east of Port Rowan the old sea- 
cliffs are separated from the present bay only by a narrow strip of 
swampy shore. The cutting on the cliffs is comparatively recent, and the 
cliff faces are much fresher than’along the swamps, both east and west. 
From the west side of Turkey point to near Normandale the old cliff line 
forms the base of Turkey point. Between the foot of the cliff and the 
beach, on the point, there are wide swamp areas, open toward the west to 
Long Point bay. 
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At one time the bar which connects the main portion of Long point — 
with the mainland lay much farther out in the lake than at present, but 
in recent years it has been cut back. This is well shown by the numerous 
old stumps and roots which occur at the water line about 2 miles west of © 
the Walsmgham town line. 

West of Long point the sea-cliffs cousist of a brown boulder-clay over- 
lain with stratified sands and gravels. Their height varies from about | 
50 to over 100 feet within the first 10 miles, and farther west they are 
still higher. A study of the map of the lake shore shows a very marked | 
change in the trend of the coastline where the connecting bar leaves the | 
main shore. | 

Long point is considered by the writer to have been constructed by the 
joint action of the surf and the longshore currents moving debris—waste | 
derived from the cliffs or supplied to the shore by streams from the © 
interior—eastward along the shore probably from as far west as point 
Talbot. At Walsingham the change in the trend of the shoreline caused © 
the longshore currents to discharge lakeward instead of following the | 
shore farther. Gradually the great mass of waste contributed by the ) 
cliffs accumulated in the long, low, sandy ridge that now constitutes the | 
point. During the later stages of its growth the materials of which it is | 
built up must have been frequently rearranged by the direct action of ; 
the waves. : 

On the mainland, projecting out into Long Point bay 6 miles east of : 
Port Rowan, is the cuspate foreland, Turkey point. This foreland is # 
bordered by a fresh beach on its southeast side, fronting toward the open | 
lake, but the western side is low, swampy ground. The waste of which : 
the point is built, at least in the later stages of its growth, has come along — 
the shore from the east. Several successively abandoned beach lines are 
to be noted back of the present beach, marking earlier stages in the growth 
of the point. The old line of sea-cliffs cut in boulder till rises about 40 © 
feet above the general level of the point. A small creek flows into one of 
the swamps back of the point not far from the middle of the base. This | 
creek has cut a deep valley in the glacial deposits, but it has built only a _ 
small, flat, alluvial cone in front of the old cliff and resting on the old 
beach. This leads to the inference that the greater portion of the dissec- 
tion of this stream valley took place before Turkey point had closed direct | 
communication with the lake, for the size of the alluvial fan is altogether | 
disproportionate to the amount of yalley dissection. 

Point aux Pines, or Rondeau.—Following the line of sea-cliffs west (| 
from point Talbot to the east line of Harwich, we find that near the | 
base of Point aux Pines, or, as it is sometimes called, Rondeau point, | 
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the cliffs become very low, and that behind the point they are not dis- 
tinguishable. Back of Rondeau harbor, across the front of Harwich 
township, the land slopes gradually down to lake level, and a growth of 
reeds and sedges near the shores of the harbor obscures any traces of the 
abandoned earlier shoreline of the lake. About one mile east of the west 
town line, where the western flying spit that incloses the harbor leaves the 
main shore, low sea-cliffs again appear. The form of the shore, as it is at 
present, shows that probably in the early history of the present lake two 
low flying spits must have been formed about 5 miles apart, one of them 
with the free end pointing east, relatively small, the other with the free 
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Figure 3.—Point aux Pines, Lake Erie 


snd reaching out toward the south, relatively larger and more actively 
ugerading. The former probably swung away from the old shoreline near 
the point where Rondeau village now stands, and was built of waste 
srought from the west; the latter probably left the main shore at or near 
where the east town line of Harwich reaches it. The supply of waste 
from the northeast would be the larger, and it would be moved along the 
shore to its place of deposition much faster than that from the west. 

At the present time the western spit is represented by a narrow bar 
which joins the broad southern portion of Point aux Pines to the main- 
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land on the west. This bar is from two to three hundred yards in width 


and rises about 15 feet above lake level. It is composed of sand and’ | 


gravel. The outer beach is wave swept and steeper than the inner slope, 


which is grown over with grasses. The length of the bar is about 2 miles. 


Between the bar and the old shore are extensive swamps containing much 


peat. Soundings made to estimate the quantity of peat present have 


shown the existence of other parallel bars with deep (15 feet) beds of | 
peat between them. ‘The existence of these bars inside the present bar 


shows that during the growth of the point the place of attachment of the 


western tie bar has gradually shifted west as the growth of the point — 


progressed. 


The eastern or main portion of Point aux Pines consists wholly of sand 
and gravel. On its lakeward side it is bordered by the usual wide wave- _ 
swept graded beach. The inner side is bordered by low, swampy areas. _ 
The progressive growth of the bar has gradually widened it at the south — 
end, so that it now has a width of about 214 miles 4 miles south of where | 
its shore end joins the mainland. Old dune lines and abandoned beach _ 


lines can be readily located, particularly near the outer end of the spit. 
Low dunes are also to be seen near the attached end of the spit formed by 


sand which has been blown back from the present beach. The greater — 


portion of the point is timbered with white pine. 


Point Pelee-—Point Pelee is a triangular cuspate foreland with its 
apex to the south. The base is about 5 miles across and the point pro- | 
jects southward about 10 miles. Only the outer 4 miles of the apex | 


of the point have been built by the present lake. The inner portion, now 
a large swamp area, cut off from the lake on either side by high beach 


ridges, is covered with a soil cap of black loam varying in thickness from 


1 to about 4 feet; below the loam is a heavy bluish clay which carries a 
few boulders and some fine gravel and is probably of glacial origin. 

The point differs from all other similar features on the lake, except 
Point aux Pines, in that no distinguishable well marked abandoned shore- 
line accordant with present lake level can be traced across its base. There 
is an old shoreline, standing approximately 8 feet above lake level, which 
joins the present sea-cliffs both east and west of the point, but it obyi- 
ously belongs to an earlier stage in the lake’s history. 

Topographically this portion of Essex county is a plain with a gently 
undulating surface. The initial point was formed by a light swell on 
the surface of the plain, which caused the lake shore contour line to loop 
southward, forming a low rounded point. This nearly flat point would 
be exposed to the direct attack of lake waves, and in this attack the waves 
would tend to cut the margin of the new point down to wave base and at 
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the same time to construct a bar either on the low shore in front of the 
place of attack or some little distance offshore. From the character of 
the shores these bars would be closely associated with or joined to the 
mainland beach line, and longshore transportation process would bring 
much waste from east and west, particularly the former. The abrupt 
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Ficuru 4.—Point Pelée, Lake Brie 


changes in the trends of the shoreline would cause an accumulation of 
waste at the pot. During later stages the earlier offshore bars, if such 
existed, would be thrown back upon the main portion of the point. At 
the present time the portion of the point between the barrier beaches is 
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free from sands and gravels, while both east and west they make up the 
greater portion of the waste supplied by the present sea-cliffs. The 
present barriers and the outer 4 miles of the point are composed almost 
wholly of materials derived from the cliffs east and west. Hence, while 
in the initial stages the waves would tend to build barriers by their own 
undercutting, the point as at present constituted is formed practically 
altogether of materials brought hither by longshore processes. 

On the west side of the point for the first 2 miles offshore the barrier 
ridge is only about 125 feet in width; then it gradually widens. About 
4 miles from the apex of the point the beach deposits on east and west 
joi and have a width of about 2 miles. Along the west shore at the 
present time the beach is steep and is covered with grass almost to the 
waters edge. The greater portion of the bar is covered with a thick 
growth of timber—red cedar, white pine, white cedar, oak, and an occa- 
sional walnut or plane tree. A sand dune belt occurs along the middle 
portion of the west bar, most of which is stationary. During recent years 
there has been a good deal of undercutting on the west bar about 4 miles 
back from the end of the point. 

The eastern shore of the point consists largely of very coarse gravels 
and is built up fully 20 feet above the lake level, or more than twice as 
high as the west beach. The barrier beach is wider than on the west and 
active construction work is still m progress. The difference between the 
east and west beaches is a very striking evidence of the strength and 
character of the shore processes acting on the two sides of the point, the 
east being exposed to the full sweep of the waves from the east, while the 
west is relatively well protected from large storm waves. 

Presque Isle point, or Erie harbor—On the south shore of the ie 
directly opposite Long point, hes Presque Isle, inclosing a lagoon that 
now constitutes Erie harbor. Hast and west of Erie the sea-cliffs he 
immediately back of the beach line. A few feet at the base of the cliff 
is usually rock. This is overlain in turn by glacial till, stratified clay, 
and sand and gravels. The cliffs vary in height from 40 to about 90 feet. 
The line of cliffs passes along the mainland south of Erie harbor. 

The point itself consists of sands and gravels still retamimg many 
traces of the earlier beach lines. The present beach is broad and rises to | 
about 8 feet above lake level. Behind the beach are low ridges of wind- + 
blown sand rising 6 or 8 feet higher. The hooked spit is joined to the 
mainland by a narrow sand-neck. At the present time the supply of 
materials from the west seems to have been so reduced that erosion is 
narrowing and reconstructing the neck. 

The form of the point and its position with respect to the waves of 
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maximum efficiency on this portion of the south shore show that it has 
been built up largely by materials brought from the west. On the east 
much waste has accumulated on the mainland shore in the lee of the spit, 
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forming a small cuspate foreland. ‘The material in this foreland was 
derived largely from the cliffs along the shore to the east. 
XLV—BULL, Grou, Soc, AM., Vou, 19, 1907 
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The reason why the flying spit was located just at this place on the 
south shore of the lake it is a little difficult to find. There is a slight 
change in the trend of the shoreline at the place where the barrier leaves 
the mainland, but there are other localities east of this where present 
conditions seem equally favorable and where no spit has been formed. 
The amount of rock exposed at the bases of the cliffs east of this is 
greater than here and the supply of waste would be less than at Hrie. 

Sand dunes.—On nearly all the spits and forelands on the lake, belts of 
low dunes have been built behind the beaches. In the majority of cases 
these dunes are now stationary because of the presence of growing trees. 

Particularly along the north shore of the lake, however, there is another 
type of dune that is of economic importance. Most of the sea-cliffs on 
the north shore expose the raw edges of extensive beds of sand containing 
perhaps a little gravel. At the bases of these cliffs the beach usually con- 
sists largely of sand and is usually wide and of a low angle of slope. 
Strong winds blowing shoreward create an updraft in front of the cliffs. 
The upper air above the level of the crests of the cliffs continues to move 
forward approximately in its original horizontal direction. At or near 
the crest of the cliff, however, the updraft intercepts the horizontally 
moving layers of air, and strong vortical whirls rotating inward are pro- 
duced at the edge of the cliffs. Where the slope of the cliff face is not 
too steep, the updraft carries great quantities of sand before it, and the 
vortical whirl at the edge of the crest causes it to accumulate just behind 
the crest. In this manner extensive dunes have been built up close to 
the crests of some of the sea-cliffs. 

Numerous small, low dunes. of this type (20 to 80 feet high) occur 
along the shore east of Port Rowan, notably near Port Colborne. Along 
the cliffs west of Port Rowan there is also an extensive dune belt. In 
Houghton township about 1144 miles west of Port Rowan some very 
large dunes occur. One of these rises about 120 feet above the edge of 
the cliff and about 200 feet above the water. The north and northeast 
face of the dune presents an even slope from base to summit and was 
extremely difficult to ascend, as the sand has assumed the steepest angle 
of repose and moves very easily. The crest line was very sharply marked. 
At the crest the sand was quite moist and the adhesion was strong enough 
to permit of the formation of overhanging edges in many places exactly 
similar to the crest edges of a snowdrift. A few feet from the crest 
toward the lake the moist sand was covered by about three-quarters of an 
inch of dry sand. On the lee side, a few feet below the crest, the dry 
Wi sand was about three inches thick. Had it not been for the adhesion of 
the moist underlayers it would have been almost impossible to ascend the 
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dune from the land side. On the lake side some distance below the crest 
the dry sand had all been blown off and the edges of moist layers pro- 
jected. ‘This dune is very old, as is evidenced by old tree trunks, now 
much carved by blowing sand, which occur on its back slope. It is now 
advancing very slowly inland on an adjacent piece of woodland. 

West of here, toward Port Stanley, other, but usually smaller, dunes 
occur along the edges of the cliffs. 


GEOLOGIC PROCESS ON THE SHORES 
MOVEMENTS OF THE LAKE WATERS 


The several forms of movement.—While the existence of periodic 
movements of the waters of the Great lakes corresponding to the tides 
are known, the amount of movement is insignificant. On all bodies of 
water exposed to the action of winds, three distinct types of movement 
are developed in addition to the tidal movements—the seiche, the cur- 
rents, and the waves. The current movement may also be developed 
directly or indirectly by gravity. All movement of the shore materials, 
on a significantly large scale at least, must be through the action of one 
or more of these movements, either acting separately or in conjunction. 

The seiche-—The amplitude of the seiche oscillation is directly de- 
pendent on the wind velocity and persistence in a constant or nearly 
constant direction. As an agent of transportation when acting directly, 
it is practically powerless. Acting indirectly through the operation of 
currents passing through narrow channels, it may possibly be able to 
shift some very fine materials, such as clay held in suspension. Under 
very favorable circumstances, in the Murray canal, where a relatively 
very powerful seiche current is generated, it was not found strong enough 
to transport for more than a few feet even very fine silt when mechanically 
stirred up from the bottom. Normally the only material moved by it is 
floating debris. At the east and west ends of the two lakes the periodic 
raising of the water during storms greatly broadens the portion of the 
shore belt within the immediate zone of action of the storm waves. 

Currents—In the report by Mr M. H. Harrington, issued by the 
United States Weather Bureau,® the currents of the Great lakes are 
grouped under four heads: The body currents, a surface current due to 
the prevailing winds, the return currents, and surf motion. The body 
currents and the return currents may be regarded as constant. With 
these should be associated the locally constant currents found at the points 
of inflow and outflow of the main streams of the lake system—the Detroit, 


® Currents of the Great lakes. Bulletin B, U. S. Weather Bureau, 1894, 


490 A. W. G. WILSON—-SHORELINE STUDIES ON ONTARIO AND ERIE 


the Niagara, and the Saint Lawrence rivers. At these points there is a | 


small but constant current, really a portion of the body current, but much 


more readily noted than the body current of the main lake. These local 
currents are too weak to be active transporting agents. In the case of — 


the Detroit river the occurrence of delta deposits at its mouth, although ~ 
in part undoubtedly due to wave action and other local causes, may be 


due to the river’s ability to transport materials supplied by the waves on | 
lake Saint Clair, the materials being carried down the channel of the | 


river by the current to lake Erie and being deposited in the latter lake as 
soon as the current is arrested by the lake waters. In the case of the 


Niagara river the discoloration of the water shows that a small amount — | 
of material in a very fine state of division is carried out into lake Ontario. — 
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FicurE 6.—Drift Currents in Lake Ontario 


Two miles off the mouth of the river the coloration has disappeared and 5 


the current has become merged with the general drift of the surface 
waters of the lake. It has also been noted that the outer portion of this 
current in lake Ontario is shifted by the winds. The waters of the Saint 
Lawrence where it leaves the lake are clear and practically free from 
sediment. 

In lakes Erie and Ontario the general study which has been made by — 
the officials of the United States Weather Bureau has shown the existence 
of a slow general set of the mass of the water toward the outlets. Where, 
by the action of the wind, surface currents have driven more water to the 
eastward of the lakes than can well pass through the discharge, there 
must be more or less of a return current. In the case of these two lakes 
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no return current so well marked as in the other lakes of the Great Lakes 
system has been found. The probability seems to be that in part it 
breaks up into smaller whirls along the great pockets of the coast on 
either side of the general current, and that a considerable body of water 
is returned as an undercurrent. The general east flowing current is very 
slight, probably never exceeding 12 miles per day, more frequently being 
much less than this. The currents of the general circulation and the 
return currents are too feeble to transport even the finest sand which 
occurs along the beaches. They must, however, assist in the distribution 
of the finest silts and clays over the bottoms of the lakes. 

At points along the shores of the lakes, streams other than the main 
rivers of the system enter, and their currents may at times, especially 
during the period of spring floods, affect the waters of the lakes for a 
short distance from the shore. At this time one can often see the dis- 
colored waters flowing through the clear lake waters for a mile or more, 
rarely over 2 miles from the mouth of the discharging stream. This dis- 
coloration is produced by the silts in suspension, but even these are 
quickly deposited in the relatively more quiet waters of the lakes. Except 
in the immediate vicinity of the mouths of the streams in question, these 
currents have no effect in modifying the lake shores. The direction that 
they turn in flowing through the lake waters, except for the first few 
yards of their course after leaving their outlets, is determined wholly by 
the direction the lake waters at their point of discharge happen to be 
moving at the time. 

With regard to the surface currents produced by the prevailing winds, 
their general direction is the same as that of the wind with which they 
are associated. A study of the prevailing winds for the lake stations, 
made by the officials of the Weather Bureau and covering a period of 
seventeen years, shows that there were on the average 66 per cent of 
westerly winds for the whole year. For the months from May to Sep- 
tember 56 per cent were from a westerly direction. For the same period 
of time a study of the resultant wind directions shows that in 183 out 
of 204 monthly values and in all the annual values the resultant is 
westerly. 

The occurrence of undercurrents in a direction contrary to that of the 
surface current or of the prevailing wind is a common feature. Mr 
L. J. Clarke* found some interesting examples of these currents off 
Toronto when making investigations of the lake currents in that vicinity. 
Mr Clarke also mentions that fishermen at Niagara, New York, found 


4Transactions of the Canadian Institute, vol. ii, 1890, pp. 154-157, and vol. fii, 1891, 
pp. 275-281. 
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that when they had their nets set in deep water during the prevalence 
of strong easterly winds they would find in drawing the nets that any 
floating submerged leaves or weeds would be caught on the opposite side 
of the net, showing that the undercurrent was from the west. This 
would indicate that the waters, being driven to the west, pile up at Bur- 
lington beach, and the head of water thus raised forces a portion of the 


water back as an undercurrent. The seiche oscillations on the lakes — : 


must tend to generate local undercurrents at the ends of the lakes 
whenever the water rises above the niean level. 
Out on the open lake the transitory movement of the water before the 


wind takes the form of a drift, and because of the prevalence of west-— : 


erly winds this drift is most frequently identified with the easterly 


FicurRE 7.—Drift Currents in Lake Hrie 


flowing body currents of the lakes. The drift currents vary their direc- 
tion with the wind that causes them, usually starting a short interval 
after the wind has commenced to blow and continuing for some time, 
often several hours and occasionally several days, after the winds that 
caused them-have ceased. Where this drifting surface water impinges on 
a shore a longshore current is developed, the direction of the current 
being dependent on the angle at which the drift impinges on the shore- 
line. ‘These currents, which for convenience may be designated wind 
currents, are seen during wind storms and reach their maximum velocity 
at times of the strongest storms. They are so intimately connected with 
wave and surf movements that both must be considered together. It is 
when they act in conjunction that active erosion, transportation, and 
deposition take place. 
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Waves.—The same wind that generates a surface drift that becomes 
a longshore current where it impinges on the shore also develops waves. 
At a few points the water of the wave may roll up on the beach at the 
shoreline and run directly back again, but only at those points where 
the shoreline is parallel to the wave front. On the Great lakes, where 
the shorelines sweep in great open curves, with chords often from 4 to 8 
miles in extent, the wave front very frequently advances at such an angle 
to the shoreline that the wave rolls up the beach obliquely. Where this 
happens the water never returns by the same path that it came, but 
runs off obliquely; so that material on the beach tends to travel along 
the shore by a zigzag path, the angle at which the wave strikes the shore 
determining the angle between any two limbs of this path of travel.° 

Interrelations, waves, and currents—Along a stretch of lake shore 
where the waves are impinging obliquely and where a number are always 
breaking at once, the tendency will be for the waves themselves to gen- 
erate a longshore current flowing in the direction in which the bisector of 
the acute angle between the wave front and the shoreline points. This 
wave-generated current is always accordant with the longshore drift cur- 
rent caused by the same wind, and as they operate together in shore 
transportation they may be referred to simply as the longshore current. 

After the wind which has started the waves and currents has ceased 
to blow, the swells still continue for some time, and even after the swells 
have ceased to be perceptible the longshore wind current remains quite 
strong, the momentum which the water acquired during the period of 
storm not being expended for some time after the storm has ceased. It 
not infrequently happens that a new wind from a different quarter may 
spring up and start to generate a current in an opposite direction. This 
affects the surface waters first, while the lower water still retains the 
motion in the original direction; also the water immediately along the 
shore is affected to the bottom some time before the deeper water offshore 
has had its momentum destroyed and ‘its direction of flow changed. 


TRANSPORTATION DURING STORMS BY WAVE-GHNERATED LONGSHORBD 
CURRENTS 
In the shifting of materials along the shore the only effective agents of 
transportation are the wave-generated longshore currents and the waves 
associated with them. ‘Transportation of all but the finest materials 
ceases as soon as the swells disappear, and is at its maximum at the time 
the waves are largest. The longshore currents are not of themselves 


> See discussion by Sir Sanford Fleming: ‘‘Toronto harbor, its formation and Dreser yas 
tion.” Canadian Journal, vol. ii, 1853-1854, pp. 105-107 and 223-230. 
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strong enough to hold eyen fine sands in suspension for any length of 
time—a fact which may be readily ascertained by experiment, or as is 
shown by the rapidity with which the water in the shore zone clears as 
soon as the waves cease. During the late autumn, following the autumn 
gales, and during early spring, following the winter storms, there is a 
belt of water along the shore in which there is a great deal of fine clay 
in suspension. In Ontario at times this belt is as much as a mile or 
more in width; in Erie, which is much the shallower of the two lakes, 
it may be 2 or 3 miles wide. This suspended clay is carried for some 
time by the longshore currents and also by the currents of the general 
circulation; but transportation of the sands and all coarse materials on 
and along the shores ceases as soon as the swells stop. The coarse mate- 
rials—boulders, cobbles, and pebbles—are shifted almost wholly by the 
waves, the smaller gravel and the sand by both waves and currents, the 
finer clays largely by the currents. During a period of heavy storms a 
longshore current may acquire a velocity as much as 4 miles an hour. 


THE SUPPLY OF MATERIALS 
CHARACTER OF THE MATERIALS 


The materials in general—The materials found on the shore and 
adjacent to it, which have been distributed there by the shore processes, 
are fine clays and silts, sands and gravels, cobbles, and boulders. The 
clays and silts in large part are derived from similar materials im situ 
and are brought to the shores by various processes; in small part they are 
produced at the shore by the grinding of the coarser materials upon one 
another and on the bedrock in the process of transportation. ‘The sands 
are derived almost wholly from sands of glacial origin. The gravels 
and cobbles come from beds of till in large part; along those portions of 
the shore where there are bedrock exposures often almost all of them are 
derived from the bedrock in situ. ° Generally there is a slight admixture 
of material of glacial origin. The boulders and large blocks are usually 
of glacial origin, though here and there one may note blocks of the adja- 
cent bedrock only shifted a short distance from its source. 

Bedrock.—The shores of the lakes are rock-bound only in a few places. 
The north shore of lake Ontario westward as far as Presque Isle is 
largely Trenton limestone. Between this point and the mouth of 
the Humber, west of Toronto, there are only three small areas in which 
rock (Trenton limestone) is exposed at the shoreline. West of the 
Humber, Lorraine shales are exposed for a short distance, and then 
there is an interval of several miles to a point just west of Lorne Park 
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where shales and sandstones of the Medina border the shore. On the 
south side there are frequent exposures of the Medina strata at the 
west end and for some distance east of the mouth of the Niagara river. 
The intervening shore as far east as Sodus point is not known to the 
writer in detail, but it is understood to be made up largely of glacial 
materials overlying bedrock which usually outcrops below water level. 
East of Sodus point and as far as the Saint Lawrence there are a number 
of places where limestone ridges extend out into the lake as points or 
islands. Except in the two localities on the north shore at the east 
between the Saint Lawrence and Presque Isle, and at the west between 
Lorne Park and Burlington, the rock exposures are very small and are 
usually overlain by a considerable amount of glacial debris, which sup- 
plies the great bulk of the shore materials on these shores. 

On lake Erie the rock exposures on the north shore are fewer in 
number than on lake Ontario, and the glacial and lacustrine deposits over- 
lying the rocks are thicker. The principal rock exposures occur near the 
east end of the lake, east of Normandale, where low rocky points are 
the rule. At the west end of the lake and on the islands south and 
west of point Pelee, rock outcrops from beneath the loose glacial debris. 
Along the south shore bedrock underlying glacial deposits is frequently 
noted at the base of the line of sea-cliffs. The material supplied to the 
waves from the bedrock is on the whole very small in quantity. 

Glacial materials, till, interglacial sands, and gravels——By far the 
larger portion of the loose materials which are operated on by the shore 
processes of both lakes are of glacial origin—till derived either from 
drumlins or moraines, and sands and gravels derived from kames, eskers, 
sand plains, or more frequently from the lacustrine deposits of the inter- 
glacial epochs. 

Lacustrine materials—secondary.—Lacustrine materials of post-glacial 
date, derived from the earlier glacial deposits, are also a minor source of 
shore materials ; but it is usually impossible to distinguish them from the 
similar deposits from which they were derived, and, so far as the study 
of the processes on the shore are concerned, it is unnecessary to make any 
distinction between them and the earlier glacial materials. 


SOURCE OF THE SHORE DEBRIS 


The materials, whatever their type, are brought within the range of 
the shore processes by various agencies. 

The waves cut out much waste by direct action on drumlins and other 
topographic forms of glacial origin. Indirectly they are aided by numer- 
ous other agencies, animate and inanimate. 

Where there are sand beds of interglacial origin underlying till or 
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stratified clays impervious to moisture, erosion is aided, and indeed 
hastened, by the action of springs. Particularly during the winter 
season, when the faces of the wave-cut cliffs are protected from the direct 
action of the waves by shore ice, and when the flowage of ground water 
through the sand beds is more or less retarded if not stopped, water tends 
to accumulate in these beds along the base of the cliffs. In the early 
spring, when the frost loosens, this accumulation of water carries out 
considerable quantities of sand, particularly where it is fine textured, 
undermining the overlying materials. The water also acts more or less 
as a lubricant; so that, once the undermined materials start to slip, often 
large blocks move down the faces of the cliffs lakeward and are brought 
within the reach of the waves. The quantity of material thus brought 
to the wave zone is very large. 

In the process of cliff formation by spring undermining, in a number 


of places where interglacial sand, gravel, and clay beds with some inter- © 4 


bedded layers of till occur, there are developed interesting amphitheater- 
like openings in the cliffs, which from their form and origin may be 
named “spring cirques.” The undermining processes in these cases seem 
to have been most active at first in a lineal direction, possibly developing 
a subterranean channel along which the sand and water first flowed. In- 
land some little distance from the shore cliff this channel has widened, 
and in time, by the process of caving, a large amphitheater is opened 
behind the cliff, with narrow ridges on the shore side hetween the amphi- 
theater and the shore. This type of cliff erosion is well shown on the 
Lake Ontario shore near Newcastle and again at the Scarboro bluffs. 
Similar forms are also found in the high cliffs on lake Erie west of Port 
Rowan. 

The cliff erosion is greatly hastened by the burrowing of animals, par- 
ticularly sand martins and kingfishers, and less frequently by ground- 
hogs. The nests of the two birds mentioned are made at the back 
of a burrow, 3 to 6 feet in depth, always dug nearly horizontally back- 
ward into soft sand deposits. At times of excessive rains, or in the 
springtime, when the frost is passing out of the ground, these old bur- 
rows often act as channels through which water at first trickles, but 
which it gradually widens and deepens until the outlet becomes a well 
defined channel and the protecting sod cover above is undermined and 
ruptured. 

During recent times the cliff erosion along the shores has been very 
materially hastened by human agencies. In a small way the opening of 
the nests of the birds before referred to, by predatory boys in search of 
eggs, gives rains early access to the burrows. The writer knows of at 
least one instance where an old kingfisher burrow has become a deep 


BULL. GEOL. SOC. AM. VOL. 19, 1907, PL. 32 


IiGuURE 1.—ABANDONED SEA-CLIFF BEHIND TURKEY DPOINT 


FiGcurRE 2.—AQLLUVIAL SAND CONE, ScArRvorno (WARLY SPRING) 


Ficure 3.—CnLay SLIP AND ALLUVIAL CONES, SCARBORO (WINTER) 
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channel in the cliff, running back nearly 100 feet, and at the present time 
the cliff has retreated at least 6 feet since the burrow was opened out. 
The materials at this point happened to be hard glacial till. Had they 
been soft sand, the destruction in the time which has elapsed since the 
burrow was opened would have been much greater. 

The farmers plowing their land close to the edge of the cliffs, partic- 
ularly when the furrows are made at right angles to the shoreline, break 
the protecting vegetable covering and binding roots and open up just 
so many potential channels, this being particularly true if the soil is 
sandy. There are numerous instances to be seen along the shores of both 
lakes where deep notches have been cut in the cliffs and where channels 
run back inland, in some cases as much as half a mile, which have been 
started by carelessness or by ignorance in the matter of a proper method 
of plowing. 

A considerable amount of material, particularly of the finer sorts, is 
brought down to the lake shore from the interior by the streams and 
rivers. In times past the amount must have been very large, if one may 
judge by the size and form of the valleys the tributary streams have 
earved in the glacial deposits across which they drain. At present dur- 
ing the greater portion of the year the amount of material transported 
is exceedingly small and the total amount contributed by the streams to 
the shore waste is, compared with that derived from the immediately 
adjacent land, relatively insignificant. 


DISTRIBUTION OF THE MATERIALS ON THE SHORES 


The waste supplied to the shores from different sources is spread out 
in a nearly even sheet parallel to the shoreline; much of the finer ma- 
terials are carried out rapidly to the deeper waters and there deposited, 
while the sands and coarser materials are shifted along the shore within 
the limits of the wave-swept zone. The active agency in this distribu- 
tion is the waves and the longshore currents, which are always associated 
with them. Most of the active transportation takes place during the 
time of the greater storms; during a period of light winds only sands 
and finer gravels are moved. Probably the greatest amount of trans- 
portation is during the period of autumn storms, though a very consider- 
able movement takes place also in the spring. During the summer 
months, except when there occurs an unusual and heavy storm, trans- 
portation is very slight. During the winter months, when the shores 
become lined with ice, often forming cliffs 6 to 15 feet in height and ex- 
tending out into water about 4 and occasionally more feet in depth, trans- 
portation is at a minimum. 

While the winter ice protects the shore for a time from the action of 
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waves and confines it to the portion of the wave zone beyond the ice-foot, 
still it facilitates shore erosion in another way. During warm days in 
winter, particularly in the case of cliffs facing south, local thawing takes 
place and produces small landslides. The material thus loosened slides 
down the cliff face upon the shore ice. During early spring, before the 
shore ice melts, this action is accentuated and local washouts often carry 
great quantities of waste out upon the ice. Then with the opening of 
the lake much of this ice, with its load of debris, is floated off by the 
waves and is transported a considerable distance before it melts and 
loses its load. In this way much coarse waste is being moved along the 
shore, and no inconsiderable portion must find its way out into the deeper 
waters of the lake, there to be deposited with the finer silts and clays. 

Particularly during the early spring the waters of the lakes in a belt 
along the shore and for a mile or more in width assume a whitish appear- 
ance, owing to the fine materials suspended in the water, usually clay 
derived from the till along the shores. In the case of lake Erie, which 
is much shallower than lake Ontario, the suspended clay is always to be 
seen along the shore belt of water, but in Ontario the water usually clears 
in the late spring and remains clear until late in September. This finer 
material must be moved a considerable distance before being deposited, 
and comes within the zone of action of the body currents, as also does 
the floating ice and the materials it transports. 

In the shifting of the materials along the shores of the lakes locally 
they are being moved now in one direction, now in the other, according 
to the wind direction. It is found, however, that a single great storm 
will undo the work of many previous gentler winds. A study of the 
transportation conditions along the shores of both lakes shows that two 
distinct resultant shifting movements may be recognized on each lake. 
On the north shore of lake Ontario it will be found that in the vicinity 
of Whitby there is a division point west of which the resultant shifting 
movement is westward, and east of it the resultant movement is eastward. 
The corresponding point on the south shore of the lake lies somewhat to 
the west of Charlotte. On lake Erie the nodal points are located near 
Port Stanley on the north shore and Ashtabula on the south. In this 
lake, at the west end, the presence of point Pelee and the adjacent islands 
complicates matters somewhat, and we find in the portion of the lake 
west of the point a slight modification of the general system of move- 
ment. The general eastward and westward shifting of the waste at the 
east and west ends of the lakes is shown both by the transportation of 
certain well recognized materials, such as fossils from known horizons, 
and also by the manner in which the waste accumulates around docks 
land behind them occur marshes and lagoons partly filled by wind-blown 
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and other obstructions, whether natural or artificial. It is also shown 
by certain constructive features of the shorelines already described above. 

This systematic resultant movement toward the east and west ends of 
the lakes respectively, from distinct nodal zones, is seen to be directly 
associated with the size of the storm waves. In the case of lake Ontario, 
for instance, and the same is true of lake Erie, storms from the south- 
west will roll waves of the maximum size on the northeast shores of the 
lake, the wind and waves having free sweep toward this section over the 
widest part of the lake. Similarly storms from the southeast will roll 
maximum waves toward the northwest shore of the lake. It is these 
storm waves with the associated longshore currents which perform the 
maximum amount of transportation and are the cause of the resultant 
shifting movements in the directions indicated. 

Not only from actual observation may the waves be seen to be greater 
at the eastern and western ends of the lakes than toward the middle 
zone at times when storms are blowing toward one or the other end of 
either lake, but the greater power of these waves is well shown in the 
height and character of the storm beaches along the shore. Along the 
middle of the north and south shores of both lakes the storm beaches of 
coarser debris lie about 6 feet above water level. At the eastern and 
western ends of the lakes they lie about 15 feet above the same water 
level, in the case of lake Ontario at least, and probably of lake Erie, 
being a little higher at the east than at the west. 

Again, at or near the middle of the lake shores, below the storm 
beaches, there is a large accumulation of fner pebbles, gravel, and sand. 
At the ends of the lakes—this is particularly well shown in New York 
state at the east end of Ontario—the entire beach is at times made up of 
very coarse materials, the finer having been rolled out below calm water 
level. | 

SumMMARY: PLACE IN CYCLE oF SHORE DEVELOPMENT 


At the present time, on both lakes, all the minor and many of the 
major irregularities of the initial shorelines have been corrected, in part 
by cutting back, in part by the construction of bars and barriers. The 
present shorelines as a whole are graded, though here and there are sec- 
tions, partly rock-bound coast, where shore processes have not yet been 
able to complete the grading. Between the many barriers and the main- 
sand and delta deposits. Except in the few localities where the shore is 
rock-bound, the fronts of the sea-cliffs are gently curved, and over large 
sections they are often nearly straight. Hyven behind the rock-bound 
shores the cliffs have gently curved and often graded fronts, but there is 
usually an ungraded beach between their front and the water’s edge, or 
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possibly no beach at all. Thus, from the general assemblage of shore 
features found on these lakes, their shores would be classed as adolescent.* 


COMPARISON OF MODERN ONTARIO AND GLACIAL LAKE [IROQUOIS 


An extremely interesting comparison can be drawn between the shores 
of lake Ontario and those of its predecessor, glacial lake Iroquois. The 
shores of lake Iroquois presented lines of sea-cliffs similar in nearly every 
respect to those of the present lake; barrier beaches were built across 
open bays; one of these still retains its lagoon as a small pond, known 
as Silver lake, near Colborne, Ontario. Flying spits were thrown out 
from salient points and belts of dunes behind sand beaches were built as 
on the present lake. An almost exact counterpart of Toronto island is 
found in an Iroquois flying spit near York, and another in the Daven- 
port gravel ridge north of Toronto. At the west end of lake Iroquois a 
strong barrier beach was built across the valley between the limestone 
escarpments, cutting off what is now the Dundas marsh from the main 
lake, counterparts of the present Burlington beach and bay. 

On the south shore similar bars and spits have been noted. One of 
them, near Pultneyville, New York, was a flying spit similar to that at 
Scarboro, but pointing eastward. 

The type of shore developed on lake Iroquois was very similar to that 
developed on lake Ontario at the present time, and would be classed as 
adolescent. Since the disappearance of- lake Iroquois, subaerial erosion 
processes have only slightly modified the abandoned adolescent shore- 
lines. Slips on the sea-cliffs have obscured old beaches; winds and rains 
have variously modified the old dunes and sand beaches. All the old 
sea-cliffs are graded to the summit, but in a few cases even yet an occa- 
sional slip may occur under special conditions. The original forms of 
adolescence, while not yet destroyed, are gradually fading and sequential 
forms of subaerial origin are developing. 

In conclusion, the writer wishes to express his obligations to Professor 
Alfred J. Henry for the tracings from which figures 6 and 7 were pre- 
pared and for copies of the two bulletins of the United States Weather 
Bureau referred to in the text. He is also indebted to Mr James White, 
Chief Geographer of the Department of the Interior, Ottawa, for tracings 
from which the figures of Long point, Point aux Pines, and point Pelee 
were drawn. The balance of the figures are traced either from govern- 
ment maps or were photographed by the author. 


6 Gulliver: Shoreline topography. Proceedings of the American Academy of Arts and 


Science, vol. xxxiv, 1899. 
7 Coleman : Lake Iroquois, 138th Annual Report, Bureau of Mines, Ontario, 1904, 
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INTRODUCTION 


No one has done more than he who presides over the Geological Society 
this year? to emphasize the work of water in the deposition of ore and in 
the metamorphism or change of rocks as they pass down through the two 
zones of katamorphism, that of leaching or weathering and then that of 


1 Manuscript received by the Secretary of the Society March 5, 1908. 
2C, R. Van Hise: Theory of metamorphism. 
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cementation to the deeper zone of anamorphism or upbuilding. His colos- — ! 


sal work is, however, largely a systematic application of the principles of 
modern chemistry and physics to general geological processes, and still 


leaves room for gleaners to work out detailed applications. Much as the | 


role of underground waters is discussed and masterly as is the handling 
of the general principles of their action, there are no Tnalyse of such — 
waters given in the Treatise on Metamorphism. 

I have been for some time studying the mineral waters and mine waters 
of Michigan. It is not my wish in this paper to present the results of my 
studies so much as some methods that may be of service elsewhere and 
give results which one may use for comparison, different as I believe the 
origin and history of the copper ore deposits of the southwest are. 


DIFFERENT SOURCES OF MINE WATERS 


CLASSIFICATION OF WATERS 


As 1s well known, waters have been divided into two classes: (a) me- 
teoric or atmospheric waters; (b) juvenile or magmatic waters, absorbed 
in and given off by igneous rocks and derived in part probably from gases 
originally absorbed in the earth. 
~ As is also well known, Van Hise has laid greater stress on the work of 
meteoric waters, while Kemp has laid greater stress on the work of igneous 
intrusions and their attendant emanations in the process of ore deposition. 
I wish to draw attention to a kind of water which Van Hise includes 
among meteoric waters, but which is quite different in its role from the 
downward working rain water. This latter percolates almost pure into 
the ground from the surface; but, starting as phreatic water practically 
pure or with but a few parts a million, it dissolves and gradually accumu- 
lates mineral content. Even in the first few inches of the soil it becomes 
much richer in gases, and its capacity to attack feldspars and other rock 
minerals has been worked up by the chemists of the Department of Agri- 
culture. Its content of carbonates, bicarbonates—perhaps, also, sul- 
phates—soon rises, especially in the arid regions. 

Quite different may be the water buried with the beds im the first place, 
to which we may fitly apply the adjective connate.* Most beds are laid 
down in water which may be either salt or fresh, and may indeed be quite 
fairly fresh close to the ocean. Such waters have to begin with some— 
perhaps much—imineral content. 

If we retain with Van Hise the term “meteoric” as applicable to all but 
magmatic waters, we may then divide them into two classes which are of 


The Standard Dictionary definition exactly fits the case; the term syngenetic, used 
in the theory of ore deposits, or congenital, might also be used, 
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use in studying and discussing the circulation of underground waters. 
The classification will then be: 


I. Meteoric group: 
(a) Rain, vadose or pluvial waters, coming down from above. 
(b) Buried or connate waters, which will be very different, accord- 
ing as they were originally marine or fresh. 


Il. (Juvenile) or volcanic group: j 
(a) Magmatic waters. This is in a sense connate in the magma, 


but not so in the contact zone and country rock. 
; "|| | : 
OCCURRENCE OF CONNATE WATERS 


We must of course remember that the property of water is to mix, and 
that we are sure to meet waters of mixed origin. 

If the whole upper zone were so searched and penetrated and rinsed by 
rain water, as some of Van Hise and Schlichter’s diagrams casually in- 
spected have led some to infer, there would be no chance of getting any- 
thing but a mixed water or possibly a pluvial or rain water with mineral 
additions leached in transit. But while Schlichter’s lines of flow are pre- 
sumably correct enough and it is unquestionably true that in any mass of 
fluid any flow in at one point and out at the other disturbs the remotest 
corner, yet the amount of flow and rate of change in such remote corner 
is very small. If it had been possible to show—say by the number of dots 
per lineal inch—the relative proportions of flow along the lines of flow in 
these diagrams, it would have given a useful idea of the real main drift of 
water and the chances of the corners not getting scoured out by rain 
water. A study of water analyses will show that rain water very fre- 
quently does not make a clean job of it. Indeed, one is inclined to agree 
with the State Geologist of Colorado,* who emphasizes a zone of stagna- 
tion in which the rain or pluvial waters have had little to do. 

When beds are laid down beneath the sea there must be little circulation 
while they are below water level. If then covered with impervious beds 
by a transgression of the ocean, there will be no circulation until they are 
raised so as to outcrop at different levels, when circulation will begin. But 
in fine-grained rocks capillary action is strong, and even in more pervious 
ones, if the water is salt, we can hardly expect, nor do we find, indications 
of very active circulation. On the contrary, where there has been very 
little orogenic or voleanic disturbance, there are signs of stagnation. Ac- 
cumulations in domes under impervious cover of oil or gas with salt water 
beneath must be quite stagnant, and the water at the bottom of many 


4J. W. Finch: Proceedings of the Colorado Scientific Society, 1904, vol. 7, pp. 193-252, 
cited by J. F. Kemp. 


504 A. C. LANE—MINE WATERS AND THEIR FIELD ASSAY 


synclines may be so. We encounter, for instance, around the Lake Superior 
basin, beginning from 600 feet to 1,600 feet down, a water quite strong 
in calcium chloride (analysis number 1), which must mark the stop- 
page of the relatively active circulation of the pluvial or vadose waters of 
the first thousand feet or so. The chloride water has, to be sure, more 
sodium chloride in proportion to caleium chloride when first struck than 
at greater depths, and this may be due to intermingling with upper waters 
containing carbonates, which have precipitated the calcium as carbonate 
(analysis number 2). These waters occur, however, not only in the Ke- 
weenawan rocks, but in the Huronian, and come in at about the depths 
given by Finch and Kemp,’ to wit, 300 to 450 respectively 500 to 600: 
meters (analysis number 3). 

Now it is important to make sure, if possible, whether these waters are 
(1) downward circulating pluvial waters which have become thus en- 
riched, or (2) originally buried connate waters, or (3) volcanic emana- 
tions, such as those recently collected and studied by Lincoln® for Kemp. 


Table of Analyses. 


Analysis INGHAM IE Gena accecs Al. 2. 3. 4. 
GO CATION ene eee eee coe Quincy mine, | ee Repubue Met 
ee mine, 1,600-foot London, 
3 ninth level. level. England. 
Ceo aie atbesivt nae nuniertn cl 176,027 702 25,360 12 
1 att ar aera got Riis aceon D:200% al sok cochens Vau| eae met ec Seeelen seer 
(OF ARR chart teers EAE air 86,478 91? 7,902 110 
IN a he ns eee 5 Are 15,188 414 7,290 11 
Rep ide cue rcrothe coun esate Hh ER Pesta neces wal looms hor owas = 
SO re coer meas Las Sets 110 75 1,045 7 
Si OP eee tiacuhepeane ees ope 20 BD. apices 12 
(HEAL) FOR pee eee ease 10 30 Be 100) Wee oe See 
IGG Lee toeeee lta g Sarecticwg o eae Ae Mie Ri tenaretettotarars we \ trace | NO, 19 
(CUeere ramen tegen eae Oe els ain aaoiosn a n. d. Org 12 
AN eset At aes VEN SY ey or) oe So Go Waltoen ee ere De, Ge sh) cons coarse 
Srey euss See e Gene eatery traces Wier. Ga enes SOP OR ee leetels ta rity aro Basie 
Ba sli. sets se Savory ioe ina lA Revere 3c OPN ere lereed Sanaa S 
Moe caer oceans Vie ecerateaters Site 566 —- 
1 BSR ARES GAS RR amSS ierA LA 5 trace: =e eee MAGS Elgon cere 
COR ic 2h Sie. tent occ os |e eee OE icine aces n. d 156 
GSumalaa esate 25 ke rece 280,490 | 1,847? 42,863 338 
Total solids.......... 280,500 1,350 45,590 351 


5J. F. Kemp: Contributions from the Geological Department of Columbia University, 
yol. viii, no. 61, p. 5. Compte Rendu, International Geological Congress, 10th session, 
Mexico, 1906, p. 521. 

® Bconomic Geology, 1907, p. 258. 
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(1.) Quincey mine, fifty-fifth level, north drip; analyzed by Dr G. Fernekes. 
Note how much larger the calcium is relative to the sodium in this than in 
analyses (2) and (3). See Proc. Lake Superior Mining Institute, 1908, p. 48. 

(2.) South Kearsarge mine, ninth level; analyzed by Dr G. Fernekes. Ibid., 
p. 54. 

(3.) Republic mine; analyzed by Dr G. Fernekes. Ibid., p. 10. 

(4.) Watford, near London; analyzed by Haywood; cited from Whittaker’s 
table, p. 533. 


CEMENTATION A CHECK TO CIRCULATION 


It is clear that the downward working pluvial waters can only enter to 
any considerable extent so far as an outlet for the escape of the buried 
connate water is opened, and that the process will normally be one of dilu- 
tion of the connate water, some of which will remain and, homeopathically 
speaking, be not of a very high potency; but, as Van Hise has well empha- 
sized, the zone of weathering becomes a zone of cementation below, and 
there is a strong tendency for circulating water, especially on rising and 
losing heat and pressure, to clog up its own circulation by deposition of 
the salts it contains. To the extent that exit is thus sealed up we may 
expect that the buried or connate water will also be hindered in escape. 

We are thus led to the theoretic conclusion that a large part of Van 
Hise’s meteoric water is connate; but this purely theoretical conclusion 
was in fact reached from a study of the chemical character of underground 
waters. 


CHEMICAL CHARACTER OF UNDERGROUND WATERS 
RAIN OR PLUVIAL WATERS 


We know the chemical character of rain water and its immediate deriva- 
tives fairly well.“ It falls with a few parts per million of chlorine, de- 
rived from the ocean, at the shore. This drops as we leave the seacoast 
to less than half a part in the Mississippi. There are also traces of ni- 
trates and nitric acid after thunderstorms, and there is a little CO,; but 
the total of all constituents other than H,O is far less than 50 parts per 
million. Passing through the soil, it is notably enriched in CO, and 
organic acids which change to CO,, and also, as the Department of Agri- 
culture has shown (Cameron), measurable quantities of the various bases. 

When the water gets through this part of its course and becomes the 
ordinary spring, phreatic, or vadose water, though it varies greatly in 
character, yet it has generally a certain type. The leading acid ions are 

7See the Chemische Geologie, by J. Roth; Van den Broeck’s ‘Mémoire sur les Phe- 


nomées d’alteration des Eaux Meteoriques’”; also Bulletins 28, by Cushman, and 49, by 
Cameron, of the U. S. Department of Agriculture. 
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CO, and SO,, and, except in very granitic countries or arid regions, lime 
and magnesia are the leading bases. The total solids are not commonly 
over an ounce per cubic foot (1,000 per 1,000,000) and saturation with 
bicarbonates (== 238 per million CaCO,) seems to be a very common 
goal. The specific gravity is not markedly greater than that of pure 
water (is not >1.000). 

Analyses of such waters abound. 'They are the daily work of Leigh- 
ton’s division of the U. 8. Geological Survey, and various laboratories 
testing boiler and sanitary waters. I would emphasize the fact that they 
do not contain much chlorine relatively. It is a notorious fact that over 
a few parts per million of chlorine is considered a sign of sewage or other 
contamination. 

Analysis (4) may pass as representative of pluvial and vadose water.® 

The alkaline waters of arid regions are a group with which I am not 
very familiar. So far as I have studied analyses of such waters, however, 
the carbonates and sulphates of sodium and potassium dominate over the 
chlorides, so that the ratio of sodium to chlorine is high. How high the 
concentration may be in vadose arid land water I do not know, for it may 
well be that analysts have avoided them. 


CHLORINE CHARACTERISTIC OF SHA WATER 


It is not surprising that pluvial and downward working waters do not 
contain much chlorine, for there are few minerals that contain chlorine: 
Apatite, relatively rare and insoluble; a little group of volcanic minerals ; 
salt, and our tale is almost told. Unless these salt beds are in the neigh- 
borhood, chlorine in the water in considerable quantity seems often to be 
a sign of connate sea water. Furthermore, this fact is notable: If the 
water is derived from sodium chloride we may be reasonably sure that 
there will be at least enough sodium to combine with the chlorine, and in 
general in superficial and river waters, and those that have derived their 
mineral content by leaching, there is more than enough sodium for this. 
But when we find this proportion of chlorine so great that there is more 
than enough to make sodium chloride, the inference becomes stronger that 
there is an admixture either of buried sea water or possibly magmatic 
waters? or leachings of a deposit like that of Stassfurt, which is, so far 
as known, unique. 2 

As analyses which seem to show large proportions of buried sea waters 


8 See also Roth and the U. S. Geological Survey water supply papers passim. 
®° Though the analyses collected by Lincoln, Economic Geology, 1907, p. 298, etcetera, 
do not indicate any such preponderance of chlorine in such waters. 
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may be cited Sheboygan, Wisconsin;'®? Saint Louis’? and Hast Saint 
Louis ;1? the Hye Brewery,** in England; Norfolk, Virginia;?* near 
Bowling Green, Ohio,’® and many of the waters used as mineral bath 
waters in Indiana’® and Michigan.” 

Some of these are given in the following table: 


‘ Hast Saint Bowlin 
Sheboygan. ee renee 8 

Sodium chloride................. 306.9436 694.99 2,384.40 
Pottassium chloride.............. AAC DO ON eecaracaee ie ccs 56.24. 
Lithium chloride................ (STO GPA 55 o/s | lesepeie sora eedees e88 oA 354.00 
Magnesium chloride............. 54.9139 MISO) 130 BO |occoescassoscn 
Calcium chloride................ 27.8225 391.80 471.90 
Sodium bromide................. ORS FSNNAUE Mec tte crak elite ya se clea ante 
Calcium sulphate................ 169.8277 MONO OW nRre aay sicu geen 
Calcium }icarbonate............. IB (Gayedy eigen ea temectes CaCO, 25.83 
Teo TOMCRTA ONES, coneoasnoenencoe .0044 Fe,0,.75 .88 
Manganese bicarbonate.......... Pa Ae ial tape ee torsa fers Saved | chen sek oto cero 
Calcium phosphate.............. RUSS o Mammal cetacean steps wall ki at ea eer glee 
PAU CUTIANID Ayers ees foes take oer seckeds cc rikeom: ZS OM Taos ra ad oie 10 
SWLGH) Od ons oe RC Oe re etme LAGOON al cee es ee Bie 
Oneaniemnabierwee asec ee RICO MSN Sleveact sd oyotaret eset, apt 4 enrtayvotecenatel es ere 
LOCIAG noted bom oe COE earner IT COMI MM cc oy satapetckce ane cance neva ae kenny oe 
PES AT MUMIA oye coe cP sisi e Sasraloiss sed oye he Seine WEN Sinn ete cetio Geka las cae State eee 
JOON rsracteeree dota entns Ricks es teen Sener WAVE: w Wel eaesNelg Gee cas ene Scout A ne es 

so taller es. Aiea eck 589.2536 1,293 60 3,297.93 

grains per U.S. 
gallon. 


It seems strongly indicated that the early sea waters contained rela- 
tively more calcium chloride than at present. There seems, then, to be 
some hope of recognizing from the chemical composition of a water—for 
instance, from the ratio of chlorine to total solids—the proportion of 
buried sea water. As for connate waters which were fresh—that is, lake 
or river deposits—the distinction seems much less feasible. Fresh-water 
lakes often have lime and iron thrown out, and clues may later be discov- 
ered, and it may be that in some cases we may from the character of the 


10 Chamberlin’s Geology and Geology of Wisconsin, often cited; by C. F. Chandler, 
1876, p. 370. 

Litton: Saint Louis Academy, and U. S. Geological Survey water supply paper no. 
195, p. 161. 

4 Tllinois Geological Survey, Bulletin no. 5. 

18 Whittaker, W.: Geology of Suffolk, Cretaceous. 

14 FWroehling, 1896, at 1,070 feet, city report. 

% Orton: Rock waters of Ohio. Nineteenth Annual Report, U. S. Geological Survey, 
part 4, p. 652. 

16 Blatchley : Twenty-sixth Annual Report. 

“Lane: U. S. Geological Survey water supply paper no, 31. 
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water draw inferences as to arid or other conditions of formation of cer- 
tain beds. 


IMPORTANCE OF STUDYING CHEMICAL CHARACTER 


From what we have said, the importance of studying the chemical char- 
acter of waters appears. I have, indeed, speculated on the possibility of 
the difference in kinds of coal, of oil and gas, of limestone and dolomite 
being due to variation in the chemical character of the connate water; 
but, independent of these, we see the importance of water tests, not merely 
because of the practically different effect upon boilers and mine pumps, 
but because we may obtain light upon the amount, activity, and direction 
of underground circulation. If the connate waters are but partially 
rinsed out, the degree to which they remain and the lines of equal 
strength must surely mark the channels of underground circulation. 
For this purpose very many tests must be made. One careful analysis of 
the mine water as pumped—and that or mere boiler water analyses are 
what most mine water analyses seem to have been—is obviously of little 
use. We must begin by making crude quantitative tests from different 
parts of a mine—in fact, from as many points as a few drops can be col- 
lected. We shall then, perhaps, be able to recognize the characteristic 
types and take of these larger samples, to be more carefully studied. 

When the waters are so concentrated as are the deeper mine waters and 
contain several thousand parts per million of solids, even a sample of 20 
or 30 cubic centimeters (a fluid ounce) commonly permits determination 
of nine-tenths of the constituents with an accuracy something like 1 per 
cent. This should be enough to trace the main lines of distribution of the 
different types of water. It is, however, important at times to get an idea 
of the composition of even a drop or two. In such case examination of a 
dried drop under the microscope and determination of the index of refrac- 


- tion are available methods. 


For such preliminary testing volumetric, nephelometric, and colori- 
metric methods are obviously the thing, such tests as have been called*® 
“The field assay of waters.” Tests of this order were made by Davis and 
myself in Huron county’® and by Owen in Bay county,?° and have been 
reduced to a system and a suit case by M. O. Leighton; but even this suit 
case is at times too heavy, and a vest-pocket laboratory is needed. Fortu- 


18M. O. Leighton: U. 8S. Geological Survey water supply paper no. 151. See alsa 
various publications of the U. S. Department of Agriculture, Bureau of Soils, Bulletin 
no. 31, by O. Schreiner and G. H. Failyer, 1906. 

1 Michigan Geological Survey, vol. vii, part ii. 

20 Michigan Geological Survey, annual report for 1902. 
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nately the materials for three of the most important tests can be carried 
literally in a vest pocket. 
The rest of this paper consists of hints as to this field testing. 


Frevp Tests oF MINE WATERS 
CONCENTRATION 


Determination of total solids—The first thing is to get an idea of the 
total solids. In detailed mapping of a mine it may be enough for many 
samples, and it saves time and chemicals if further tests are to be made 
to know this. Leighton omits to consider it, because presumably he has 
surface waters with specific gravity < 1.001 and less than a thousand 
parts per million of solids in mind; but in mine and the deeper under- 
ground waters this test should come first. 

Specific gravity——One index to concentration is the specific gravity. 
To determine this the physician’s urinometer is convenient and cheap 
(50 to 75 cents). The stem is usually graduated from 1.000 to 1.060 or 
1.080, and this is generally enough, and one can get really vest-pocket 
sizes. They are most nearly accurate for a given temperature 60° to 70° 
Fahrenheit. If the water is so salt as to have a greater specific weight 
than 1.060, it may be diluted with three parts of fresh water with specific 
gravity of 1.000. Very roughly speaking, the excess of the specific gray- 
ity above unity in thousandths is eight times the per cent of salts. 

Blectrical resistance.—Schlichter and the U. 8. Department of Agricul- 
ture?* have measured the amount of salts by the electrical resistance. 

I have no practical experience with the method. It appears to be much 
more delicate than the others and practically the only method giving quan- 
titative results with weak concentrations. For how small quantities and 
how light the apparatus could be made remains to be seen. 

Total reflectometer—The urinometer requires at least an ounce or so of 
water and is slightly fragile. To test the concentration of a drop or two, 
the variation in the angle of total reflection seems the most practical 
method. Bausch and Lomb have made for me, with mutual interchange 
of suggestions, a pocket total reflectometer, which is figured herewith 
(figure 1) and gives 70 divisions on the scale between fresh water and 
salt. It is thus about one-third as sensitive as the urinometer. Of course, 
the index of refraction is not exactly proportional to the density. 

The method of use is as follows: A little of the water to be tested is 
placed in the triangular prismatic trough A, one side of which is a glass 
prism, B. Light entering the prism below, through a window at C, is 


21 See the Bureau of Soils field soil book and the methods and references there given. 
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totally reflected up to an angle dependent on the relative indices of A and © 
B. Thus an objective, D, has part of the field more illuminated than the 
rest. These parts are separated in daylight by a horizontal colored band. 
The mine lights are generally more nearly monochromatic. It is perhaps 
well, by cementing a bit of yellow glass or celluloid, to have the light at C 
nearly monochromatic. The image of the field is found at E, and there 
a scale is placed which is viewed by the ocular F. Light should be cut off 
from entering except by C, by shading by the hand or otherwise. Down 
in the mine, the sole illumination being from a lamp or candle held a little 
below C, this causes no difficulty. 


Ficure 1.—Outline of Pocket Total Reflectometer 


Outlines of instrument in full line. The course of a ray from C through the glass 
prism, reflected at the angle of total reflection, reading the scale H, is in dots. ‘The part 
of the scale above will be more illuminated. 


TABLET METHODS 


U. 8. Geological Survey method—In following the example of the 
physicians and having reagents put up with known quantities in tablet 
form, the U. 8. Geological Survey? has performed a real service, which 
enables one to carry in a pocket the chemicals to make three or four im- 
portant tests. It seems to me this method is capable of much greater 
development. It must also be remembered that by dissolving a tablet in 
a known quantity of water a solution of known strength may be obtained, 
and this is often the most convenient method, if a number of tests are to 
be made at a time. The accuracy of most of these methods is dependent 
upon the accuracy with which a quantity of water varying from 20 to 100 
cubic centimeters can be measured, and is something like 1 to 5 per cent. 

Chlorine—Leighton’s method seems all that could be desired in deli- 
cacy, accuracy, simplicity, and convenience. It is fortunate that what in 
my work appears the most vital determination is so convenient. The 
potassium dichromate indicator can readily be carried solid. Less than a 
cubic millimeter need be dissolved. 

Tn the case of waters likely to be strong, it will be well to add the potas- 
sium dichromate and a tablet or more of silver nitrate to distilled water, 
or a water whose chlorine has been determined, then from a burette drop 


22 Leighton: Water supply paper no. 151, p. 51. 
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‘in enough of the strong water to discharge the red color. Then, having 
found the amount of chlorine in it, a known greater quantity of the water 
‘may be added and enough tablets then to bring back the red color. One 
may thus alternate two or three times. 

Carbonates.—Leighton’s test, the addition of sodium acid sulphate 
with methyl orange or phenol phthalen, as indicators, is as simple as the 
chlorine test, but not so trustworthy, since it will not work in the presence 
of calcium chloride, for instance. This gives the acid reaction at once, 
even though carbonates are really present. 

A solution of soap and soda, pink with phenol-phthalein, is made color- 
less by enough of the strong calcium chloride waters, and may be as a 
rough index of the amount of calcium chloride. 

Hardness —The test for hardness (Ca and Mg) with soap tablets, 
equivalent to a known amount of CaCO,, is also a practical vest-pocket 
test. In strong mine waters it has been found well to make up a solution 
of a number of tablets in a known amount of water, and then add the 
water from a graduated burette until the foam is discharged. 

In general.—Material for the above tests can be carried in the vest 
pocket and are those I have most used, especially the chlorine. 


TURBIDITY METHODS 


Chlorine.—Other tests have heen devised which involved forming a pre- 
cipitate and seeing how opaque or turbid it made the water. For in- 
stance, in our Huron County work,?* Davis and I graded them as—trace, 
precipitate with AgNO, opalescent, less than 100 per million Cl present ; 
low, precipitate with AgNO, milky, 200 to 600 per million Cl present ; 
medium, precipitate with AgNO, curdled, 600 to 1,300 per million Cl 
present, with a taste; above this the salty taste was distinct. 

In Leighton’s tests a portable electric ight and battery are used, which 
are rather heavy. No doubt other methods more portable, but perhaps 
less accurate, could be devised which would suffice to compare the various 
waters found in a particular mine. It might be well to have made up 
tablets containing known amounts of substances to be tested for, which 
could be used to make solutions for comparison. 

Calcitum.—Leighton did use the turbidity produced by ammonium ox- 
alate with a little excess of ammonia, but it has been canceled. It seems 
to work pretty well with our waters. 

Sodium carbonate might be used, allowing for the small amount (30 
parts per million or so) of calcium carbonate that would remain. 


23, Volume vii, Michigan Geological Survey, part il, pp. 139-141. 
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Magnesiwum.—Mr Charles Catlett?* has described a field test for mag- 


-nesia dependent on the fact that lime is much more soluble in sugar than 


magnesia, which ought to be made available. Good field tests for mag- 
nesium and sodium are still lacking. 

Sulphates—The turbidity tests for sulphates is on the precipitate made 
in an acid barium chloride solution, and the method devised by Jackson 


and used by Leighton has been recently reexamined by Parr.”° ~ 


Sulphur.—The browning by acetate of lead has been used, but is emily 
quantitative. 


COLORIMETRIC TESTS 


Instead of standard comparative solutions, tinted glasses may be used. 

Leighton’s test for iron with KCNS involves carrying nitric acid 
around, which is awkward. 

The ink test with tannin—that is, cold tea—is quite as delicate, but the 
resultant tint varies, being violet in carbonated waters, cider-colored if 
ammonia is added, and discharged by acids. It may be used comparatively 
in one suite of waters. Perhaps it would be better to always make the 
solution alkaline. 


24 Bi-monthly bulletin of the American Institute of Mining Engineers, September, 1907. 
2 Bulletin no. 3, Illinois Geological Survey. 
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Memoir of Angelo Heilprin (with bibliography) ; by Herbert E. Greg- 
OL BME rae eltte cee ere Tee eens atone eae cchede nicveno als ancl baancian revs wid ohaketoen etorebak 
Chief features of the stratigraphy and structure of mount Diablo, 
California [abstract]; by George D. Louderback.................. 
Grenville-Hastings unconformity [abstract]; by Willet G. Miller and 
CORPTENIL V2) EON EA DN Fs cute cro, cho came ONO he RECON RCL Care ORO Cet en Cee ee 
New Upper Silurie fauna from southern Michigan; by W. H. Sherzer 
ELID CLP AVY opus Tc EUD UU terepe dey avo pester ey-ototey susie cush.cvers: itera fas Payette, aba ten eva! AiellecSiieysus Taos eile 


Nomenclature and subdivision of the Upper Siluric strata of Michigan, 
Ohio, and western New York [abstract]; by A. C. Lane, Charles S. 


Prosser, W. Hi. Sherzer, and A. W. Grabauw....................-.-- 553 
Structure and stratigraphy of the Ouachita Ordovician area, Arkansas 
abstract is? byvAcmERe Purdie tes). jo..aiatee fsteve ayaa chalet clare ore a fe-areesursnene 556 
SESSIONROLMUU ESE aye ID CCOMMD OTE Sli cers wicks) icc ere ansis) aos sue/eic clo tonsie. shale auetal «alle ere 5DT 
Notes on the Crazy mountains, Montana [abstract]; by John HW. Wolff. 557 
Glaciation in the Crazy mountains of Montana; by George Rogers 
HITS HC] imerarer tae tovetcr tei orescscctaei reer ob cre reucteneasrclcnenart iy ctieier« tncemene a sues ccatleaiaaie OOS 
Discovery of fish remains in Ordovician of the Black hills, South Da- 
ora [ROSE] S lon ING IB IDEM As acouaconboonddonpodadcoodboODaHG 567 
Benitoite: its mineralogy, paragenesis, and geological occurrence [ab- 
stract] ; by George D. Louderback and W. C. Blasdale............ 56% 
Geologic processes and geographic products of the arid region [ab- 
Stractiiswbye Charles Rs IMCVCSiis cee: cis sc wiers: eine ereiee) out) sed aut 0 ee were 570 
Committee on geological nomenclature..................2-2+-eeeeee 576 
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Session or Monpay, DECEMBER 30 


The Society was called to order by President Charles R. Van Hise at 


_ 9.15 o’clock a m, at the University of New Mexico. A cordial address 


of welcome was delivered by President W. G. Tight, of the University of 
New Mexico, to which response was made by President Van Hise. 

The report of the Council was called for, and was presented by the 
Secretary, in print, as follows: 


REPORT OF THE COUNCIL 


To the Geological Society of America, 
in Twentieth Annual Meeting assembled: 

The regular annual meeting of the Council was held at New York in 
connection with the meeting of the Society. There have been no special 
meetings during the year. 

The details of administration for the nineteenth year of the existence 
of the Society are given in the following reports of the officers: 


SECRETARY’S REPORT 


To the Council of the Geological Society of America: 

Meetings.—The proceedings of the annual meeting of the Society held 
at New York city December 27, 28, and 29, 1906, have been recorded in 
the closing brochure of volume 18 of the Bulletin, which is now in press. 

Membership.—During the past year the Society has lost two Fellows 
by death: James M. Safford and Angelo Heilprin. The resignation of 
one Fellow has been accepted. The names of the fourteen Fellows 
elected at the New York meeting have been added to the list, all of them 
having completed their membership according to rule. The present en- 
rollment of the Society is 294, or 11 more than at the time of making the 
last annual report. Four candidates are before the Society for election 
and several applications are under consideration by Council. 

Distribution of Bulletin—There have now been distributed 17 
brochures comprising 448 pages of volume 18, and the remaining four 
brochures, including the Proceedings, are in the hands of the printers in 
various stages of completion. By action of the Publication Committee 
no manuscripts were accepted by the Secretary after November 1, in an 
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effort to finish the volume within the calendar year. Partly through 
the slowness of authors in sending back proofs, the result has not been 
accomplished. Hereafter the rule which provides that “printing shall 
not be delayed by reason of absence or incapacity of authors more than. 
one week beyond the time ordinarily required for the transmission of 
mails” (vide Bull., vol. 5, p. 649) should be enforced. Authors are 
urged also to send in their manuscripts earlier. The irregular distri- 
bution of the Bulletin during the past year has been as follows: Com- 
plete volumes, including one complete set, sold to Fellows, 28; sold to the 
public, 103; sent out to supply deficiencies, 2; brochures sent out to sup- 
ply deficiencies, 57; sold to Fellows, 47; sold to the public, 37. A com- 
plete set of paleontologic and stratigraphic papers has been given to the 
Concilium Bibliographicum of Ziirich. Three copies of volume 17 have 
been bound for the use of officers and the library, and one complete set 
has been bound for the Secretary’s office. This set remains the property 
of the Society. 

Bulletin Sales.—The receipts from the sale of the Bulletin during the 
past year are shown in the following table: 


Bulletin Sales, December 1, 1906, to November 30, 1907 


Jomplete volumes. Brochures. 
Grand 
total 
Fellows.| Public. | Total. | Fellows.) Public. | Total. 

Volume 1) 2. 54.. SO ROOM een $9.00 $1.15 $0.40 $1.55 $10.55 
Volume 2......... O)WWiloenaeden )0HlGoosneee 1.00 1.00 10.00 
Moluime 3 oe0 sas: SHOOMP AEE. SHOOW | Sere actes 5 ll all 8.12 
Wolume: 4s. 4. 45" CAQDN ie reseed 7.00 .20 .30 .50 7.50 
Volume 5......... SHOOs Pacey cscs 8.00 25 57 82 8.82 
Volume 6......... SEQOME Gata: 8.00 MOP eae 10 8.10 
Volume 7......... SROOM Rs Gre ce SaOOMR eres .60 .60 8.60 
Volume 8......... SPOOR Seen SHOOM ec ee 30 .30 8.30 
Volume 9......... ShOOW Roses 8.00 1.25 .30 1.55 9.55 
Volume 10 ........ SOON Redes 8.00 .55 .80 1.35 9.35 
Volume 11......... GROOW eek: 9.00 .00 2.20 2.75 1745) 
Volume 12......... AMO OG Mesecoroiele 4.00 .20 3.85 4.10 8.10 
Volume 13......... 4.50 $5.00 QRS OW ereeecseter ses 1.44 1.44 10.94 
Volume 14......... AM 50M eee ara AMS Opi eeeieietocere 4.60 4.60 9.10 
Volume 15......... 4.50 5.00 9.50 1.55 2.40 3.95 13.45 
Volume 16......... 4.50 25 00 29.50 1.70 11835) 3.05 32.55 
Volume 17......... 4.50 | 145.00 | 149.50 70 4.55 5.25 | 154.75 
Wola GaSiy so seccilneteteres« 305.00} 305.00 |........ .20 .25 305.25 
AVo lume wl Oey ae ellinclaerncrers SOMOOG | SOMO Os eter arora ural erevcuctavee a all esvexorares< 30.00 
Total....... $116.50 |$515.00 | $631.50 $8.25 | $25.03 | $33.28 | $664.78 
Index ....... 2.25 4.75 TEQOI Wie rinks 6 lige bes sici|ledepanaosieene 7.00 
$118.75 |$519 75 |$638.50 | $8.25 | $25.03 | $33.28 | $671.78 
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Receipts’ for the! fiscal’ years <i. clertereiaie ce siesie ire $671.78 
Previoushys reported! chy yess clever overeleretsics cleietatata ete cates 9,602.34 
Total! reeeipts> TO nGate rien ois -ac1-toene a cler eiere iene $10,274.12 

Charged, but not yet received: 
On, 19062 ACCOUDEE wie es arene cnc cene bic terere Tey os cava etn renee eee nere chs 80.00 
On! 1907 account ee eiee ess ec cela some morte crate eee 35.40 
Total: sales tow Gate cz Ahic iss, cis lerercrsiet ste wieccevatesceineete $10,389.52 


The bills for volume 18 have not been sent out to volume subscribers 
yet, and the table given above includes only actual payments. 

The cost of publishing the Bulletin, volumes 1-17, has been $33,414.91, 
the average cost per volume being $1,965.58. These figures, however, do 
not include the expense of distribution. The number of pages and illus- 
trations in the volumes has increased so much during the past few years 
that the price of subscription for libraries and foreign individuals should 
be raised. The present price does not cover the actual cost of publication, 
and is about one-third less than the price charged by other societies for 
volumes corresponding with our Bulletin in number and size of pages and 
plates and in quality of paper and printing. 

Expenses——The following table gives the cost of administration and of 
Bulletin distribution during the past year. The expense of moving the 
Secretary’s office from Rochester to New York has made the outgo for 
“Administration” unusually high. 


EXPENDITURE OF SECRETARY’S OFFICE DURING THE FISCAL YEAR ENDING NOVEMBER 


30, 1907 

Account of Administration b 
Postage: and: telegrams) 3 ...5:0:.s een ones ee aie He abe ans $37.73 
Hxpressagve Vand frei ght.\o jvc. 5 <:<nee.cys ave avaveie wiseietere iene leone tekecore 14.73 
Printings (ineludingsstatlonuerys) pereee cee cee eee 240.38 
Addressograph: JInKS's 23% « sciaesc.s 25 rove dralsisbia eye es ai eseee hae orate 1.34 
Binding7s copies) volumenlifian.cce seer ee a= ene eee ieee 3.00 
Office! furniture and |storaze;closet-. 4. seer ore teens 136.63 
Meetings (expenses of Cordilleran Section)................. 16.31 

if) 2: Ce cern haa ane rier i echs otkanicm orn 6 Gomme OD EEA c $450.12 
Account of Bulletin 
Postage: “ols nadie notes doe ene oe oak aR een EE Bee $138.63 
Expressage and. freight. 's2 inc. aceh ce 2 a eee eee 80.40 
Paper ‘and iprintinge.).5 oe cise sano oe oe re eee 11.15 
Addressograph) Jinks hese oc naka Ge eee -50 
WabOLers'! ae. 22 sb Sates ora ie othe ga oe Chetan) ito nee ee Ea ee 5.50 
Storage Closet. lesnace sil ne Ne see ere ee eee 51.45 
‘Bindingyvsct of Bulletins sities eee ee Ok Cee 28.60 
Collection Of; (CheckSac.ik cme seis sl Oost eee 4.75 
Oba racic: Hove sey wSe eieiare vets Wore co oe Pero nono eS geo $320.98 


Total: expensessfor ihe year ecco Cee eee $771.10 
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As soon as possible after the New York meeting the transfer to the 
custody of the present incumbent of the material pertaining to the Secre- 
tary’s office was finished. The Society is to be congratulated upon the 
care and completeness with which all its records from the beginning 
have been preserved, and I wish here to express my personal appreciation 
- of the help rendered me by Professor Fairchild in starting upon the 
somewhat arduous though very pleasant duties of the secretaryship. 

Respectfully submitted. 

Epmunp Oris Hovey, 
Secretary. 
New Yorx, December 18, 1907. 


TREASURER’S REPORT 


To the Council of the Geological Society of America: 

The Treasurer herewith submits his annual report for the year ending 
December 1, 1907: ‘ 

Three (3) Fellows, J. A. Dresser, Ida H. Ogilvie, and George I. 
Adams, have commuted for life during the year by the payment of one 
hundred dollars each, thus increasing the total Life Commutations to 
seventy-nine (79) at the present time. 

Two (2) Fellows are delinquent for four years and three (3) Fellows 
for three years, and are therefore liable to be dropped from the roll for 
the non-payment of dues, in accordance with section 3, chapter 1, of the 
By-laws; eleven (11) Fellows are delinquent for two years; while thirty- 
one (31) Fellows, on the date of the preparation of this report, are delin- 
quent for the present year. 

The membership of the Society, including delinquents, aggregates at 
the present time 294, of whom 79 have commuted for life. There have 
been 2 deaths and 1 resignation during the past year. 

The Treasurer received from his predecessor on December 1, 1906, the 
following securities : 


Par value 
Two (2) Texas and Pacific Railroad first mortgage five per cent 
DOMASHCOSt a pile Hil Oso reretalevoeelere le eveieve:ehsnercdelsretesievoucicesusts sassy « itcuereus «3 $2,000.00 
Three (3) U. S. Steel Corporation second mortgage five per cent 
DOMASHICOSHES 2S CELA Dircre micicecnetere renee reiencoeel oy eel ovet el <bsvameveucue evans Susielrece 3,000.00 
Ten (10) shares of the capital stock of the Iowa Apartment House 
Company, Washington, D. C., cost $1,000.00................... 1,000.00 
Forty (40) shares of the capital stock of the Ontario Apartment 
House Company, Washington, D. C., cost $4,000.00............. 4,000.00 
MOTAUUCOSt OO 42:50 ce COLA MD dmv emerenapeparenersicreie sieietetcrereieieiciens $10,000.00 


These securities have been placed in a safe-deposit box in the Baltimore 
Trust and Guarantee Company, Baltimore, Maryland, where the fur ts 
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of the Society are also deposited, and where the unexpended monthly 
balance draws three per cent interest. 

The general financial condition of the Society is exhibited by the fol- 
lowing tabular statement showing the receipts and disbursements for the 
year ending December 1, 1907: 


RECEIPTS 
Balance in treasury December 1, 1906.................. $1,997.41. 
Fellowship fees 1905 (3)...............2--0- $30.00 
s £63 SAGO GE (QT)! a case areas tomiaeverene 210.00 
es > -A1QOKsa(AGS)\ .c::e eee cieinctecosee 1,680.00 
: : ———— 1,920.00 
Initiation fees GA) remeron cmcieccsiels ee erect erect 140.00 
Life commutations ((S))/. 2 <i. <<. -)hele cis aeuoletois eiersrcietstscis oleae 300.00 
Interest on investments: 
Iowa Apartment House company......... $60.00 
Texas and Pacific railroad bonds......... 100.00 
Ontario Apartment House company...... 220.00 
U. S. Steel Corporation bonds............ 150.00 
Interest on deposits to January 30, 1907, 
Rochester Security Trust Company..... 11.45 
Interest on deposits to June 30, 1907, Balti- 
more Trust Company.................. 27.94 
———_—_- 569.39 
Sales’ of :publications.2osices ss sae acioe tle onleiere einen 671.78 
——— _ $5,598.58 
EXPENDITURES 
Secretary’s office: 
Administration! Vc. exert ere oe lee piclen teers $493.57 
BUNS GIIN 2 ches sere ote, oer elon clase clon ooo 277.53 
ANTOWANCE hi iiceavsie Gre aseinie sie nee es eieede automo mre 500.00 
1,271.10 
Treasurer’s office: 
Postage! express: (eteicleacisis eee erce isles eee $39.05 
Clerical hires. Save see eee 50.00 
——— 89.05 
Ti brabkian SroTh C@icid hese teers ene rele re tein Olio Cae oe orep eee 8.42 
Publication of Bulletin: 
Jet QUA NO Meee IIc cree Geran Geico Oe $2,042.63 
ENE TAVAIM SF aeielnere aiotevere soeiatatctore eee eee 492.73 
Editor’s allowance .................-00- 250.00 
—————__ 2,785.36 
Miscellaneous yras aaprcscic italien trate a eae hit dene nore 10.50 
$4,164.43 


Balance on hand December 1, 1907...................-- 1,434.15 
————_ $5,598.58 
Respectfully submitted. 
Wm. BuLiock CLarK, 


Treasurer. 
DECEMBER 6, 1907. 
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EXDITOR’S REPORT 


To the Council of the Geological Society of America: 

Before submitting the usual statement as to the progress made in the 
publication of the annual volume, the Editor desires to call the attention 
of the Council to the desirability of appointing a committee to formulate, 
as nearly as may be practicable, the future usage of the Society in regard 
to capitalization, abbreviations, and similar matters. The committee 
should have authority to ascertain so far as possible the wishes of each 
member, in order to determine the preference of the majority. This may 
seem a trivial matter, but it is the cause of some irritation, which should 
be removed by some such method as that suggested. It is certainly but 
fair that the members should be given a chance to express their individual 
views. The report of the committee would practically fix the standards 
in a fashion satisfactory to the members generally, relieve the present 
Editor and his successors from some embarrassment, and be of value in 
many other ways. ‘The report should include brief suggestions as to the 
form in which papers should be presented, in order to lighten the Hditor’s 
labors as much as possible. It has been the experience of the present 
Editor that the authors of papers do not intentionally add to the Hditor’s 
burdens. It is because they have had, unless connected with institutions 
like the Geological Survey, no experience as to the form in which manu- 
scripts should be prepared. If suggestions such as those indicated were 
included in the report, and accompanied by appropriate illustrations, it is 
believed they would be appreciated by members. 

By reason of the decision of the Publication Committee that papers 
not in hand prior to November 1 should be excluded, all of volume 18 is 
now in type, except the proceedings of the Cordilleran Section, the manu- 
script of which has not been received at this date. This year’s experience 
indicates that if it is desired that the annual volume should be issued 
previous to the winter meeting, the time limit of submission of papers 
must be still further shortened. 


GertBe-| Vol. 13. | Vol. 14. | Vol. 15. | Vol. 16. | Vol. 17. | Vol. 18. 


pp. 577. | pp. 583. | pp. 609. | pp. 636. | pp. 636. | pp. 785. pp. 717. 
pls. 43. | pls. 58. | pls. 65. | pls. 59. pls. 94, | pls. 84. pls. 74. 


Letter-press..........scessessse-+- $1,575 14 | $1,647 12 | $1,657 50 | $1,661 21 | $1,817 03 | $2,087 98 | $2,015 68 
Illustrations .... ........... eee 327 62 477 27 431 21 457 76 706 97 608 68 486 22 


$1,902 66 | $2,124 39 | $2,088 71 | $2,118 97 | $2,524 00 | $2,696 66 | $2,501 90 


Average per page..... $3 30 $3 64 $3 43 $3 33 $3 96 $3. 37 $3 42 
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Classification. 


= | Goh geal toe sone skal’ © 

Ble | 2 2./4,/2:/2218 | 2 | 2/2 

8 los] & | Se SR Ee |Sel25) 2 | sls 
: Pac eee ese | Se soli se) 
Volume. ce g 5 g ea Se é a 2 a g E E 3 Total. 

ee Sia ER eo eae ollyeralees 

Number of pages. 

Issoosse IBIS || We || SA ASS) seh) ABE) 4 |e enn 60 | 4 | -4 | 593--xii 
enaciod ¢ 56 | 110} 60) 111] 52 | 168) 47 9 55 | 1] 7 | 662+xiv 
Bie saoes 66} 41] 44] 41] 32 | 158 | 104 ]..... 61 | 15 | 1 | 641-+-xii 
LOS 20 | 124) 38 | 74) 52] 02) I4)..... 47 | 32 | 2 | 458-+-xii 
Dicbosoc Heats} BI) |) GU) yy BE) SS | IL | OT enc oe 71 | 14| 9 | 665-- xii 
GW ea aan BO HUE 7s) |) SS) AL SO) he TE toc coe 63 | 25 | 4 | 5388+x 
Useckooe 88 | 77 | 105] 53] 40) 21 | 123 4 66 | 28 | 13 | 558+x 
Ssoosovs 34] 50] 98 5 | 43} 67] 58] 14 790) (8 |e2 | AAG ox: 
Gonsoo0s a MOY) || MEI) Nooo oe 44) 28] 64] 16 64 | 12 |....) 460-+-x 
We sesaoe 30 | 33] 96] 37] 59} 62) 68] 28 8+ | 27 | 17 | 534-+xii 
WSS coose 65> | 110 |} 21 | 10) 54] 31} 188 7 71 | 60 | 46 | 651-+x1i 
Wecsancs 199'| 39) 50 | 538) 24), 98 5 b) WY) |) 2 \ocea!| Baise 
IS ond one 125 | £7) 13) 24) 28 | tile) 42 4 || 165 | 32 | 29 | 583-- xii 
We boone 48 |} 47 | 48] 59 | 183 | 118 | 22 1 80 ; 14} 1 | 609+xiu 
MO Seyler 26 | 124 @ || GEE aid || AN |ococallscode 77 | 17] 3 | 686+x 
IGsace oe ab js TTL 7th I) KO) yO | YE I) coc 67 | 22 | 15 | 6386--xii 
NC oeecexeh hie AW AGL |) Gal) GEE AU | ARE 2 oe 71 | 9} 2 | 785-bxiv 
WS 5 oad 16 | 164 | 141 5 | 29 | 246 Diallatteas 68 | 40 | 3 | 717-Pxii 


‘It is not practicable, for the reasons indicated above, to give the exact 
number of pages, but there will probably be about 700. The volume will 
be illustrated with 67 half-tone plates and 62 text figures. 

Respectfully submitted. 
JOSEPH STANLEY-BROWN, 
Editor. 
Cotp Spring Harpor, N. Y., December 16, 1907. 


LIBRARIAN’S REPORT 


To the Council of the Geological Society of America: 


The accessions to the Library during the past year have been listed and 
acknowledged, and the list of these accessions for the year ending October 
1 has been forwarded to the Secretary for incorporation in volume 18 of 
the Bulletin. The binding of complete volumes of exchanges is steadily 
cared for by the Case Library. 

The most notable addition to the brary during the year past has been 
the nearly complete set of the Verhandlungen des Verein der Preussischen 
Rheinlande, some 60 volumes, sent in exchange for a complete set of our 
Bulletin. 
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The expenses of this office for the past year are as follows: 


NOMCICIIC ULC vere axeleveverev ens Crater eo aiesevel whe sateicellona: atte austen ies, oe: eave te $6.00 
MOO LESS we rerenererene aerate auewspetetoen erste: ate) oye athe inl elsiese) syivlis eV Sareeysre eine 1.00 
NOW MOSEL Cimswcher-takatey sustaleicuerete clichene hel eas) cise aucieieuclisile leis e136) ei epirece)aie 1.42 

$8.42 


Respectfully submitted. 
H. P. CusHING, 
Inbrarian. 
CLEVELAND, OHI0, December 2, 1907. 


On motion of the Secretary, it was voted to defer the consideration of 
the Council report to the following day. 

As the Auditing Committee to examine and report upon the accounts 
of the Treasurer, the Society elected G. K. Gilbert, C. W. Hayes, and 
A. H. Purdue. 


ELECTION OF OFFICERS 


President Van Hise then announced the result of balloting for officers 
for 1908, as canvassed by the Council, and declared the following officers 
elected : 


President: 
SAMUEL Catvin, Iowa City, Iowa. 
First Vice-President: 
GrorcE F. Beckrr, Washington, D. C. 
Second Vice-President: 
A. C. Lawson, Berkeley, California. 


Secretary: 
EpMuND Otis Hovey, New York city. 


Treasurer : 
Witu1aAm Buitock Crark, Baltimore, Md. 
Editor: 
JOSEPH STANLEY-Brown, Cold Spring Harbor, N. Y. 

Inbrarian: 

H. P. Cusine, Cleveland, Ohio. 
Councilors: 

H. P. Cusuine, Cleveland, Ohio. 

H. B. Parron, Golden, Colorado. 
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ELECTION OF FELLOWS 


The Secretary stated that the candidates for fellowship had been 
elected by the transmitted ballots, with but few dissenting votes. The 
list is as follows : 


CLARENCE Epwarp Dutton, A. B. (Yale, 60), Major, U. S. A. (retired), Engle- 
wood, New Jersey. ; 

D. P. PENHALLow, B. S., M. S., Se. D., Botanical Laboratories, McGill Univer- 
sity, Montreal, Canada. Professor of Botany, McGill University. 

Percy Epwarp Raymonp, B. A., Ph. D., Pittsburgh, Pennsylvania. Assistant 
Curator of Invertebrate Fossils, Carnegie Museum. 

THomMAs EpMunp Savace, A. B., B. S:, M. S., University of Illinois, Urbana, 
Tilinois. gue ; 


NECROLOGY 


On call of the President, memorials of the Fellows who had died since 
the New York meeting were read as follows: ian 


MEMOIR OF JAMES MERRILL SAFFORD 


BY J. J. STEVENSON 


James Merrill Safford, Ph. D., M. D., was born in Zanesville, Ohio, 
August 13, 1822, and died in Dallas, Texas, July 3, 1907. He was de- 
scended from sturdy New England ancestry, Thomas Safford having 
come from England to Massachusetts in 1630. The family was impor- 
tant in colonial times, and in later days counted among its members 
many prominent physicians. His father moved to Zanesville shortly 
before the birth of Professor Safford. He received his preparatory 
training in Zanesville and afterwards attended the Ohio University 
at Athens, where he was graduated in 1844. He spent two years in 
study at Yale, and soon after his return he was called to Cumberland 
University, at Lebanon, Tennessee, as professor of chemistry and natural 
history, where he remained until 1873, when he was chosen professor of 
chemistry in the medical school of the University.of Nashville. Vander- 
bilt University was opened in 1875, and the chair of geology and natural 
history was assigned to him; he remained in full discharge of the duties 
until 1900. During much of this time he delivered the chemical lectures 
in the medical department, and for several years he was dean of the col- 
lege of pharmacy. He was member of the State Board of Health from 
1866 to 1896, and during the greater part of that period was vice-presi- 
dent of the board. 

Professor Safford’s geological work began in 1850, and his first re- 
corded paper was published in 1851, when most of the Fellows of this 
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Society were not yet born. He received appointment as State Geologist 
of Tennessee in 1854. His first report, 164 pages, with preliminary 
map, was published in 1856, and was mainly a reconnaissance study of 
the mineral resources, but the final chapter gives a geological sketch ex- 
hibiting the formations recognized in the state. A “Biennial Report,” 
published in 1857, was merely a brief statement of results. In 1860 the 
legislature ordered the preparation and publication of a final report, but 
the civil war followed quickly, and for a time survey work was at an end. 
In 1868 the state found itself in condition to reauthorize the publication. 
The report was completed, and it was published in 1869 as the “Geology 
of Tennessee,” 550 pages, with map and 7 plates. 

It is difficult for geologists of our day to do full justice to a work like 
this “Geology of Tennessee,” the outcome of field studies made fifty 
years ago. There were no maps, for much of the state was still wilder- 
ness; mines were few; the roads were on natural grades; there was 
no network of railroads to give sections in critical places. Professor 
Safford had no instruments except a compass and a pocket level, and the 
appropriation was so small that he was without means to procure those 
aids without which a modern geologist would think himself almost help- 
less. Over much of the area he could not ride, and a great part of the 
11,000 miles traveled during prosecution of the work was done on foot; 
he was compelled to live off the country and to endure the more than 
inconveniences inseparable from lodging in the uncomfortable houses of 
mountaineers. Yet in this modest volume he gave a conspectus of Ten- 
nessee geology which has borne the most exacting review. It is the out- 
come of twenty years of labor, carried on mostly at his own expense. 

In this volume the succession of the earlier Paleozoic formations is 
presented in detail and numerous subdivisions are suggested, most of 
which have been accepted by geologists, and they bear the names given 
by him. Later studies in more northerly areas have led to some modifi- 
cations of his grouping, but these are based on careful investigation of 
fossils such as was unknown in his day. The Black shale underlying the 
Carboniferous was recognized as Devonian, and he noted the absence of 
some formations which are prominent farther north in the Appalachian 
basin. The description of the Carboniferous is brief, counted in pages, 
but the sections are in such detail and are discussed so clearly that the 
relations of the beds are set forth sharply in all except the extreme north- 
east portion of the Cumberland plateau, to which he had been able to 
devote little attention; yet even there he had succeeded in securing a 
tvpe section. He differentiated the Tertiary and Quaternary subdivis- 
ions and described and figured fourteen new species of fossils. An ad- 
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mirable summary of the state’s economic resources closes the volume. 
For compactness and clearness, this work is not excelled, perhaps not 
equaled, by any other official report published in this country. 

The office of State Geologist was restored in 1871, and Professor Sat. . 
ford received the appointment to the position, as well as to that of 
Chemist to the Board of Agriculture. No reports as State Geologist are 
credited to him, though he held the post until 1899; but he was coeditor 
of the “Introduction to the Resources of Tennessee,” a stout volume of 
1193 pages, published in 1874. This contains a geological sketch of each 
county, adding much important material to that contained in his earlier 
volume. He was coeditor also of a text-book on the geology of his state, 
intended for use in the schools, and he published many brief articles 
bearing on geological questions of local interest. In 1884 he contributed 
to the census reports a careful discussion of the physico-geography and 
agricultural features of Kentucky and Tennessee, and in 1888 he pub- 
lished a new edition of his map of the state. In 1891 he published a 
discussion of the geology of the state in relation to water supply, and in ~ 
the same year he contributed two papers to the Bulletin of this Society. 

It was a misfortune for Professor Safford and his fellow-geologists that 
during most of his life he was, so to say, isolated. He attended meetings 
of the Association and of this Society when they were within his reach, 
and he always contributed much of value to the discussions; but he was 
known in the flesh to comparatively few of his fellow-workers, so that he 
labored under the disadvantage of being known only by his writings, 
most of which belong to a period of which some are apt to think, if not 
to speak, disrespectfully. He was a man among men, everywhere com- 
manding respect by his common sense, his integrity, and his manly recog- 
nition of others. The excellence and importance of his geological work 
became fully known to most of us only during the last decade, but 
throughout his life his worth was recognized by Tennessee, in which for 
more than forty years he was one of the foremost citizens. 
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MEMOIR OF ANGELO HEILPRIN 


BY HERBERT E. GREGORY 


With the death of Angelo Heilprin this Society has lost one of its 
prominent members, Yale University one of its ablest instructors, and 
geography its best known leader in America. While his work was largely 
geographic, his contributions to geology were many and important. 

A glance at the life of Heilprin reveals an interesting career, in which 
inherited aptitude, increased by constancy of effort, ripened into power 
of an unusual sort. His grandfather, Phineas Mendel Heilprin (1801- 
1863), was a prominent student of Hebrew and philosophy, and his 
father, Michael Heilprin (1823-1888), likewise was a scholar of wide 
repute. Owing to persecution in Poland, Angelo Heilprin’s parents 
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escaped in 1842 and settled in Hungary, where Angelo was born, March — { 


31, 1853. During the war for Hungarian freedom (1848-1849) the — 
elder Heilprin was an associate of Kossuth, and, as a result of his activi- 
ties in the revolution, was forced to flee, coming to America in 1856, 
where he later pursued a literary career. 

Angelo Heilprin’s early education was in the public schools of Brook- 


lyn, but the most valuable instruction was undoubtedly that received in 4 


the home, where, with his father and brother Louis, he was constantly in 
an atmosphere of refinement and intellectual power. His taste for ex- 
ploration and scientific study developed early. Throughout his boyhood 
he cared little for the ordinary light literature, but confined his reading 
pretty largely to stories of travel, and while yet a boy undertook tramps 
of considerable length in search of adventure. He early began to draw in 
color, and it is related that at the age of six he made a map of Greenland ~ 
which was of unusual accuracy, and when this was shown to him later in ~ 
life he expressed his doubt that it could be the work of a schoolboy. In 
the home circle he was constantly encouraged to read and to express him- 
self in writing, as a result of which he was able when only in his twen- 
tieth year to be of much help in the preparation of articles for the 
American Cyclopedia, his sketch of John Tyndall in particular being a 
very creditable piece of work. In 1876, at the age of twenty-four, he 
decided to study with the famous masters of the day, and enrolled him- 
self as a pupil in the Royal School of Mines, under the tutelage of Hux- 
ley in biology, Etheridge in paleontology, and Judd in geology. Later 
he studied in Paris, and in Geneva with Carl Vogt. Other European 
centers of culture were visited, and in each place Heilprin made the most 
of his opportunities, adding to his store of knowledge and developing his 
methods of research and instruction. 

After three years of Kuropean study, Heilprin returned to America 
and began his connection with the Philadelphia Academy of Natural 
Sciences, being elected professor of invertebrate paleontology in 1880, 
curator in charge in 1883, and professor of geology in 1895, holding the 
last position till 1899. He was also associated with the Wagner Free 
Institute of Science, of which he became the curator. His connection 
with these organizations, together with writing and lecturing, constituted 
the chief routine of his life until 1904, when he came to Yale University 
as lecturer in physical geography, a position which he occupied at the 
time of his death. 

The geographic activity of Heilprin includes exploration, investiga- 
tion, and educational work. As an explorer he turned his attention to 
widely separated parts of the world. His first important expedition, in 
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1886, was to the Everglades of Florida, as the result of which he showed 
that the larger part of the peninsula was of Tertiary age and had not 
been built by recent coral activity; the existence of marine Pliocene de- 
posits in the United States was also made known for the first time. As 
stated by Doctor Leidy, “The well observed facts of the report must 
greatly modify the opinions which have generally been held in regard to 
the geological construction of the peninsula of Florida.” 

In 1889-1890 he made his first expedition to Mexico, where a study 
was made of Yucatan and of the Mexican plateau, particularly with 
reference to the volcanoes and enormous deposits of lavas. In that year 
he climbed Orizaba, Popocatepetl, Nevada de Toluca, and Ixtaccihuatl, 
determining their heights and showing Orizaba to be the loftiest moun- 
tain at that time known in North America. 

The Peary Relief Expedition of 1892 was one of the most important 
undertakings of Heilprin. The success of this expedition could only 
have been brought about by skill and bravery of the highest type, both of 
which qualities the leader of the expedition possessed. His book descrip- 
tive of this expedition, namely, “The Arctic Problem,” is one of the most 
fascinating narratives in geographic literature. It is so modestly written 
that the reader hardly grasps the importance of the work and fails to 
realize that the meeting of Heilprin and Peary on the ice-cap was one of 
the most dramatic scenes in the history of exploration. Peary has ex- 
pressed his appreciation in the following words: “My own obligations to 
and regard for him are particularly great. To him more than to any one 
else is due the activity of this country in arctic and antarctic work during 
the past fifteen years.” 

In 1896 Heilprin made an expedition into Morocco, Algeria, and 
Tunis. With great skill he made his way among the semi-civilized tribes 
in pursuit of data which led to the conclusion that the mountains of 
Morocco and Algeria had not been glaciated during Pleistocene times. 

The year 1898 was spent on an excursion to Alaska, an account of 
which is given in his volume, “Alaska and the Klondike,” which is full of 
interesting material, much of it of economic value. 

In 1902, when the news of the destruction of Saint Pierre was re- 
ceived, Heilprin, with characteristic activity and decision, took the first 
steamer for Martinique, and on March 20 of that year ascended Pelée 
while it was still in a violent state of eruption. On this day and the 
days following he was in constant danger, and really took his life in his 
hands for the sake of studying at first hand the process of volcanic erup- 
tion. One is reminded of those earlier scientists, Empedocles at Etna, 
430 B. C., and Pliny at Vesuvius, 79 A. D., both of whom paid for their 
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scientific zeal with their lives. Fortunately Heilprin was spared, and 
lived to write his valuable papers dealing with the phenomena of this — 
extraordinary expression of vulcanism. 

Heilprin’s excursion to British Guiana, in 1906, was designed as the 
first of a series of expeditions which were to be made into tropical re- 
gions. This expedition was, however, destined to be his last, for the — 
fever contracted at this time was never fully checked, and was one of the © 
chief causes which led to his death, on July 17, 1907. 

As an educator, Professor Heilprin’s influence was widespread. He 
was one of the first to recognize the value of photographic reproduction 
in the teaching of the earth sciences, and in this respect his “Principles 
of Geology” has set the pattern for later successful works. The great 
skill with which he was able to present important geological principles 
by the use of the most common objects is well shown in his “Town geol- 
ogy: the lesson of the Philadelphia rocks.” Heilprin may well be called 
the natural teacher. His manner of presentation was very effective, and 
whether with the class in the field or conducting recitations, giving lec- 
tures before teachers, or public addresses, the expounder of science as 
well as the explorer and investigator was evident. In the experience of 
the writer, no teacher of geography has been more effective with classes 
than has Heilprin. Students readily recognized him as a master— 
learned and cultured, and at the same time modest, sympathetic, and 
democratic. As a teacher at Yale he never attempted to control his 
classes or to secure good work by any of the devices of pedagogues, but 
trusted to the value of the subject and to his method of presentation to 
arouse interest in the student. 

Heilprin was a firm adherent to the doctrine that a knowledge of the 
earth and its inhabitants is an essential part of a general education hay- 
ing high cultural value. To him, therefore, a wide dissemination of the 
results of geographical study was of the first importance, and small 
groups of geographers devoting their attention to highly technical mat- 
ters were of relatively minor importance. When the Association of | 
American Geographers was formed—an association designed to separate 
the professional geographers from those merely interested in geography— 
Heilprin’s objection was characteristic; he thought that such an associa- 
tion might tend to limit the distribution of geographical information. 

Likewise a museum to him was a place for teaching the truths of na- 
ture, not a place for storing and protecting specimens, and his successful 
effort to open the museum in Philadelphia on Sundays has been imitated 
with advantage by other institutions. 

His influence as an educator was also exerted through societies and 
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periodicals. It is largely due to his influence that the Geographical 
Society of Philadelphia has become such a prominent educational factor. 
He was one of the founders of the Alpine Club of America. In 1893 he 
established the magazine “Around the World,” the forerunner of the 
National Geographic Magazine, of which latter periodical he was one of 
the editors. At the time of his death he was an active member of a 
number of organizations and was president of the Association of Amer- 
ican Geographers. 

Professor Heilprin’s versatility was one of his most marked character- 
istics. A scientist of the first rank, still he was widely read in literature 
and history. He was master of arts, too—not ordinarily associated with 
scientific men. Those who have had the pleasure of listening to Heilprin 
at the piano, as he was interpreting Hungarian folk songs, dances, or 
patriotic hymns, will agree that his musical ability was extraordinary. 
He began early to show traits of an artist. When but eleven years of age 
he obtained permission to copy the paintings in the capitol at Washing- 
ton, and while still a young man his paintings were on exhibition in the 
principal cities of eastern United States. His last painting of the Pelée 
tower ranks among the best productions of landscape artists. They show 
technique which is of high order and a mastery of drawing and of color. 
As has been said by a well known critic, his art is “the art of a painter, 
not the art of a scientist.” He also possessed mechanical genius, which 
led to the invention of several devices for which patents were secured. 

As a man, Heilprin was characterized by energy, concentration, and 
continuous application—qualities which bring success. His modest and 
quiet bearing was marked, and in his associations with his fellow-men he 
never assumed an egotistical attitude. He preferred to be considered 
one of an army of fellow-workers presenting the beauties of nature to 
the human mind. He had a genuine zeal for scientific truths, and a 
foresight which led him to devote his energies to important lines of work. 
The writer recalls with pleasure little talks with his friend on geogra- 
phy, education, university ideals, and kindred topics, all of which were 
inspiring and in all of which Heilprin revealed himself as a modest, 
open-minded, yet energetic searcher after truth. 

The following are references to additional biographical material: 

189 . Heilprin, A., with portrait. Book News, vol. xi, p. 511. 
1902. Sketch; portrait. McOlure’s Magazine, vol. xix, August, 1902, p. 358. 
1903. Portrait. Book Buyer, vol. xxv, January, p. 579; Review of Reviews, 
vol. xxvii, March, 1903, p. 377. 
1907. Sketch. Nation, vol. Ixxxv, July 25, 1907, p. 84. 
Memorial address delivered before the Franklin Institute, September 18, 


1907, by Louis Edward Levy. Franklin Institute, Philadelphia, 1907, 
14 pages. 


1908. 


1876. 


1881. 
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Angelo Heilprin. Bulletin of the American Geographical Society, vol. 
xxxix, November, 1907, pp. 666-668. 

Angelo Heilprin. Geographical Journal, vol. xxx, December, 1907, p. 
670. . 

Professor Angelo Heilprin as an artist. By Edwin Swift Balch. Sci- 
ence, vol. xxvi, December 13, 1907, p. 834. 

Addresses delivered at memorial meeting in Philadelphia, November 6, 
1907: Bulletin of the Geographical Society of Philadelphia, January, 
1908, 30 pages, with portrait. 
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Abstract. American Naturalist, vol. xvii, 1883, pp. 578, 905-906 (1% page). 

Contribution to the Tertiary geology and paleontology of the United 
States. Philadelphia, 117 pages, map, 4°. 

Remarks on fossils from Laredo, Texas. Read to the Philadelphia Acad- 
emy of Natural Sciences. American Naturalist, vol. xviii, p. 334 (7 
lines). 

Examination of fossiliferous pebbles from near East Park reservoir, 
Philadelphia. Read to the Philadelphia Academy of Natural Sciences, 
December. American Naturalist, vol. xix, 1885, p. 432 (1/5 page). 

Glacial action in Labrador. Read to the Philadelphia Academy of Nat- 
ural Sciences, October. Science, vol. vi, p. 388 (1% page), 4°. 


The classification and paleontology of the United States Tertiary de- 


1886. 


posits. Jbid., vol. v, pp. 475-476; vol. vi, pp. 83-84. 

Town geology: The lesson of the Philadelphia rocks. Philadelphia, 134 
pp., 7 pls., 12°. 

On grouping of phosphate beds in Oligocene with Jackson and Vicksburg 
beds. Read to the Philadelphia Academy of Natural Sciences, May. 
American Naturalist, vol. xix, p. 929 (6 lines). 

Pebbles from boring on Blacks island, Philadelphia. Read to the Phila- 
delphia Academy of Natural Sciences, March. American Naturalist, 
vol. xix, p. 834 (5 lines). 

Fossiliferous pebbles in drift at Tacony, Pennsylvania. Read to the 
Philadelphia Academy of Natural Sciences, December. Science, vol. 
vi, p. 548 (1/10 page), 4°. 

Shell from mouth of Manatee river, Florida. Science, vol. vi, p. 499 (1% 
page). 

Lower Helderberg boulder at Summit, New Jersey. American Natural- 
ist, vol. xix, p. 336 (1/6 page). 

Remarkable exposure of columnar trap near Orange, New Jersey. Pro- 
ceedings of the Philadelphia Academy of Natural Sciences, vol. xxxvi, 
pp. 318-320, pls. 8. 

Observations in Florida. Science, vol. vii, p. 353 (% page). 

Age of clays at Grays Ferry road, Philadelphia. Jbid., vol. viii, p. 37 
(1/10 page). 

Notes on the Tertiary geology and paleontology of the southern United 
States. Proceedings of the Philadelphia Academy of Natural Sciences, 
vol. xxxvii, pp. 57-58. 

Tertiary fossils from Kentucky, Texas, and Florida. Science, vol. vii, 
p. 103 (4% page). 
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1887. 


1888. 


1889. 


1890. 


1891. 


1892. 


1893. 


1895. 
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On Miocene fossils from southern New Jersey. Proceedings of the Phila- 
delphia Academy of Natural Sciences, p. 351 (1/3 page). 

Explorations on the west coast of Florida and in the Okeechobee wilder- 
ness, with special reference to the geology and zoology of the Floridian 
peninsula. Jransactions of the Wagner Institute, vol. i, pp. i-vili + 
1-134, pls. 2, pp. 1-19. 

Abstracts. American Journal of Science, third series, vol. xxxiy, pp. 
230-232; Popular Science Monthly, vol. xxxiii, p. 418 (4% page). 

The geographical and geological distribution of animals. New York: 
D. Appleton & Co. xii +485 pp., frontispiece (map). International 
Scientific Series, no. 57 (American edition, vol. lvii). 

The geological evidences of evolution. Philadelphia: Published by the 
author. 99 pp., illustrated, 3 pls. (1 fold). 

The animal life of our seashore, with especial reference to the New Jer- 
sey coast and the southern shore of Long Island. J. B. Lippincott Co., 
Philadelphia, 130 pp., 8 pls. 

On the classification of the Tertiary deposits. International Congress of 
Geologists, American Committee, Reports, February, 1888, 12-14. 
American Geoiogist, vol. ii, pp. 278-280. 

Remarks on P. R. Ubler’s paper on the Alburipean of Maryland. Pro- 
ceedings of the American Philosophical Society, vol. xxv, no. 127, p. 
54 (1/3 page). : 

The Miocene mollusca of the state of New Jersey. Proceedings of the 
Philadelphia Academy of Natural Sciences, 1887, p. 397. 

Determination of the age of rock deposits. Jbid., 1887. p. 395. 

The classification of the post-Cretaceous deposits. Jbid., pp. 314-322. 

Views on Archean. International Congress of Geologists, American 
Committee, Reports, 1888, August. American Geologist, vol. ii, pp. 
146-184. (In part.) 

The Bermuda islands: A contribution to the physical history and zoology 
of the Somers archipelago, with an examination of the structure of 
coral reefs. Philadelphia, 4 + 231 pages, 19 plates. 

The corals and coral reefs of the western waters of the gulf of Mexico. 
Proceedings of the Philadelphia Academy of Natural Sciences, pp. 303- 
316, pls. 6, T. 

The principles of geology. Iconographic Publishing Co., Philadelphia, pp. 
7-329, 113 pls., 3 maps. 

Geological researches in Yucatan. Proceedings of the Philadelphia 
Academy of Natural Sciences, pp. 136-158. 

The Eocene mollusca of the state of Texas. Jbid., 1890, pp. 393-406, 1891. 

The geology and paleontology of the Cretaceous deposits of Mexico. 
TIbid., 1890, pp. 445-469, pls. 12, 14, 1891. 

The geology and paleontology of the Cretaceous deposits of Mexico. Re- 
view. American Geologist, vol. x, p. 121 (1/3 page). 

The arctic problem and narrative of the Peary relief expedition of the 
Philadelphia Academy of Natural Sciences. Contemporary Publishing 
Company, Philadelphia, pp. 2 + 157, pls., map. 

The Port Kennedy deposit (Pennsylvania). Proceedings of the Philadel- 
phia Academy of Natural Sciences, p. 451 (44 page). Discusses briefly 
the faunal evidence of the age of the deposit. 


1896. 


1897. 


1899. 


1900. 


1901. 


1902. 


1903. 
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The glaciers of Greenland. Popular Science Monthly, vol. xlvi, pp. 1-14. 
Describes and illustrates the glacial phenomena of Greenland. 

The earth and its story: A first book of geology. Silver, Burdette & Co:, 
New York, Boston, 267 pp., illustrated, pls., map. 

A student’s recollection of Huxley. Popular Science Monthly, vol. xlviili, 
pp. 325-335. 

Our present knowledge of the Antarctic regions, with map. Jbid., pp. 
323-336. 

The earth and its story: A first book of geology (Kansas edition). Sil- 
ver, Burdette & Co., New York, Boston, p. 288, plate, map, 12°. 

Alaska and the Klondike: A journey to the New Eldorado. I. In by the 
White pass and out by the Chilkoot. Popular Science Monthly, vol. 
ly, pp. 1-16, 7 illustrations. 

Alaska and the Klondike: A journey to the New Hldorado. II. San 
Francisco of the North. Popular Science Monthly, vol. lv, pp. 163-176, 
6 illustrations. 

Alaska and the Klondike: A journey to the New Eldorado, with hints to 
the traveler. Appleton & Co., New York, pp. 7 + 315, pl., maps, 8°. 
Geology of the Klondike fields. Popular Science Monthly, vol. ly, pp. 

300-317, 5 figures. 

The shrinkage of lake Nicaragua. Scientific American Supplement, 
May 19. 

The Nicaragua canal in its geographical and geological relations: A 
question as to the permanency of the proposed canal. Philadelphia, 
pp. (87)-107, frontispiece (map), plates. 

A year’s progress in the Klondike. Popular Science Monthly, vol. 1vi, 
February, 1900, pp. 455-465. 

Gold sands of cape Nome. Jbid., vol. lvi, April, 1900, pp. 633-644. 

Ignorance of education and the project of an international university. 
Forum, vol. xxix, March, 1900, pp. 71-78. 

Level of lake Nicaragua. Scientific American, vol. lxxxii, p. 115. 

Water supply of lake Nicaragua. Jbid., vol. li, January 12, p. 20932. 

Fossils and their teachings. Scientific American Supplement, vol. lii, pp. 
21472, 21478. 

How to interpret the facts of geology. Jbid., vol. lii, pp. 21488-21489. 
Abstract of lecture delivered before the Philadelphia Academy of Nat- 
ural Sciences. 

Mont Pelée in its might: A scientific study of the voleano’s activity from 
data gathered at the crater’s mouth. JcClure’s Magazine, vol. xix, 
August, pp. 359-368. Same. fortnightly Review, vol. Ixxviii, Sep- 
tember, 1902, pp. 469-479. 

Eruption of Mont Pelée. McClure’s Magazine, August, 1902. 

The defense of the Panama route. Franklin Press, Philadelphia, 12 pp. 
Printed for the author. 

Martinique revisited. Nation, vol. lxxvii, August 27, 1903, p. 169. 

Ascending Mont Pelée. Science, August 7, 1903. 

Mont Pelée and the tragedy of Martinique: Study of the great catas- 
trophies of 1902, with observations in the field. J. B. Lippincott Co., 
Philadelphia, vol. xiii, p. 325, illustrated. 


1904. 


1905. 


1906. 


1908. 
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Review by George Kennan. Outlook, vol. Ixxiii, January 31, pp. 265-267 ; 
Atheneum, 19038, vol. i, April 18, 1903, p. 501. 

The activity of Mont Pelée. Science, new series, vol. xvii, p. 546. 

The ascending obelisk of the Montagne Pelée. Popular Science Monthly, 
vol. lxiii, pp. 467-468, 1 figure. 

Mont Pelée—the eruptions of August 24 and 30, 1902. Abstract. Sci- 
ence, new series, vol. xvii, p. 226; Scientific American Supplement, vol. 
ly, p. 22647. 

The nature of the Pelée tower. Science, new series, vol. xix, pp. 800-801. 
Discusses the mode of formation of the spine of Mont Pelée. 

The tower of Pelée: New studies of the great volcano of Martinique. 
J. B. Lippincott Co., Philadelphia, 62 pp., 28 pls., 4°. 

Tower of Pelée. Abstract, International Geographical Congress, 8th Re- 
port, p. 446. 

Uniformity in mountain elevations. Bulletin of the American Geograph- 
ical Society, vol. xxxvii, December, 1905, pp. 726-730. 

Arctic work of Peary. Nation, vol. Ixxxiii, November 8, 1906, p. 386. 

British Antarctic national expedition. Bulletin of the American Geo- 
graphical Society, vol. xxxviii, March, 1906, pp. 177-181. 

Caracas on the day of independencia. Nation, vol. lxxxii, May 10, 1906, 
pp. 381-382. 

Impressions of a naturalist in British Guiana. Bulletin of the American 
Geographical Society, vol. xxxviii, September, 1906, pp. 539-553. 

A new Mont Pelée. WNation, vol. Ixxxii, April 5, 1906, p. 277. 

Pelée in February, 1906. Science, new series, vol. xxiv, July 6, 1906, 
pp. 25-26. 

Shattered obelisk of Mont Pelée. National Geographic Magazine, vol. 
xvii, August, 1906, pp. 465-474. 

Voleanie and seismic phenomena. Science, new series, vol. xxiv, No- 
vember 2, 1906, pp. 545-551. 

Lippincott’s New Gazetteer: A complete pronouncing gazetteer or geo- 
graphic dictionary of the world, containing the most recent and full 
authentic information respecting the countries, cities, towns, resorts, 
islands, rivers, mountains, seas, lakes, etcetera, in every portion of the 
globe. Hdited by A. Heilprin and Louis Heilprin. J. B. Lippincott 
Co., Philadelphia and London, vol. x, 2053 pp., 28 em. First published 
in 1855. The present publication, printed from new type from the 
title page to cover, is a new work, embodying little more than the 
framework of its predecessor, together with its system of pronuncia- 
tion. (Publisher’s note.) 

Wilderness of Guiana. Wational Geographic Magazine, vol. xviii, June, 
1907, pp. 373-381. 

Quarter century of catastrophism. Nation, vol. lxxxiv, January 24, 1907, 
pp. 91-92. 

The Catskill mountains. Bulletin of the American Geographical Society, 
April, 1907. Map. 

(Posthumous.) The eruption of Pelée: A summary and discussion of 
the phenomena and their sequels. Pp. 72, pls. 43. Geographical Soci- 
ety of Philadelphia. (Press of J. B. Lippincott Co.) 


STRATIGRAPHY AND STRUCTURE OF MOUNT DIABLO SEY 


After the reading of the memorials of the deceased Fellows the regular 
program of papers was taken up as follows: 


OCCURRENCE OF PROUSTITE AND ARGENTITE AT THE CALIFORNIA MINE 
NEAR MONTEZUMA, COLORADO 


BY FRANK R. VAN HORN 
This paper has been published as pages 93-98 of this volume. Discus- 
sion by C. R. Van Hise, George D. Louderback, and H. KE. Gregory. 
MINE WATERS AND THBIR FIBLD ASSAY 
BY ALFRED C. LANE 
This paper has been published as pages 501-512 of this volume. 


e 


The following papers were read by title: 


PHOSPHATE DEPOSITS OF FLORIDA WITH RELATION TO THE UNDERGROUND 
WATER LEVEL 


BY E. H. SELLARDS 


ASBESTOS DEPOSITS OF THE GRAND CANYON, ARIZONA 


BY JOSEPH HYDE PRATT 


ANCIENT TEOCTONIOS CF THE BASIN RANGES 


BY CHARLES R. KEYES 


ROCK-FLOOR OF INTERMONT PLAINS OF THE ARID REGION 


BY CHARLES: R. KEYES 


Published as pages 63-92 of this volume. 
The next paper read was 


GLACIAL PERIODS AND THEIR BEARING ON GEOLOGICAL THEORIES 


BY A. P. COLEMAN 


This paper has been published as pages 347-366 of this volume. An 
active discussion was participated in by W. G. Tight, A. C. Lawson, 
I. C. White, H. M. Ami, G. K. Gilbert, H. EH. Gregory, and C. R. Van 
Hise. 


CHIEF FRATURES OF THE STRATIGRAPHY AND STRUCTURE OF MOUNT 
: DIABLO, CALIFORNIA 


BY GEORGE D. LOUDERBACK 
[Abstract] 


Mount Diablo is a distinctive feature of the central coast ranges, because it 
rises from low valleys on practically all sides, and is not merely a more promi- 


i 
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nent peak of a continuous range. It shows a remarkably complete strati- 
graphic series of the characteristic Coast Range formations. Structurally it is 
an overturned and overthrust anticline of very late origin. There is also evi- 
dence of an earlier structural form. The geology of mount Diablo may be 
taken as showing a stratigraphic succession and an orogenic history character- 
istic of the coast ranges from the Klamath mountains to the Tehachapi. 


Discussion by A. C. Lane, A. C. Lawson, and H. P. Cushing. 


The following papers were then read by title: 
THE EARTHQUAKE IN OWENS VALLEY, CALIFORNIA, IN 1872 


BY WILLIAM HERBERT HOBBS 


BEGINNING AND RECESSION OF SAINT ANTHONY FALLS 


BY FREDERICK W. SARDESON 
This paper was printed as pages 29-52 of this volume. 


THE “NEBRASKA LOESS MAN” 


BY B. SHIMEK 
This paper was printed as pages 243-254 of this volume. 


DISTRIBUTION OF DRUMLINS AND ITS BEARING ON THEIR ORIGIN 
BY FRANK B. TAYLOR 
CIRQUES AND ROCK-CUT TERRACES OF MOUNT TOBEY, MASSACHUSETTS 
BY B. K. EMERSON 
The next paper was 
LOWER PORTION OF THE PALEOZOIC SECTION IN NORTHWESTERN NEW YORK 


BY H. P. CUSHING 


This paper was published as pages 155-176 of this volume. The paper 
was discussed by H. M. Ami. 


At 12.15 o’clock the Society adjourned for luncheon in the dining- 
room of the university, after which President Tight led the way to the 
flat roof of one of the pueblo style dormitories, from which he pointed 
out the geological features of the surrounding country. 


At 2 o’clock the afternoon session began with the reading of the an- 
nual address by the retiring President, President Charles R. Van Hise, 
of the University of Wisconsin, who chose as his subject “The problem 
of the pre-Cambrian.” By request of the President, his address was 
thrown open to discussion, and remarks were made by A. C. Lane, A. C. 
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Lawson, A. P. Coleman, H. M. Ami, and C. R. Van Hise. This address 
was published as pages 1-28 of this volume. 


The following papers were then read by title: 


RED SANDSTONE FORMATION OF SOUTHEASTERN MINNESOTA 


BY C. W. HALL 


GEOLOGICAL HISTORY OF THE REDSTONE QUARTZITE 


BY FREDERICK W. SARDESON 


Published as pages 221-242 of this volume. 


PALEOZOIC AND MESOZOIC OF CENTRAL WYOMING 


BY N. H. DARTON 


Published as pages 403-474 of this volume. 


SOME FEATURES OF THE GEOLOGY OF ARIZONA AND WESTERN NEW MEXICO 
ALONG THE SANTA FE RAILROAD 


BY N. H. DARTON 


After this the Society listened to the reading of a paper on 


GRENVILLE-HASTINGS UNCONFORMITY 


BY WILLET G. MILLER AND CYRIL W. KNIGHT 
[Abstract] 


The crystalline limestone and associated pre-Cambrian sedimentary rocks of 
southeastern Ontario and the adjacent parts of the province of Quebec, to 
which Logan and his colleagues long ago gave the names of Grenville and 
Hastings series, have never been satisfactorily classified as regards their age. 
Recent work by the present writers has shown that much at least of what has 
been called the Hastings series, consisting of limestones, conglomerates, and 
other fragmental rocks, is much younger than, and forms a well defined uncon- 
formable series with, the typical crystalline limestones and associated frag- 
mental rocks of what has been called the Grenville series proper. The view 
that the Grenville and Hastings constitute one series, the former being a more 
highly altered phase of the latter, is no longer tenable. 

The writers find the Keewatin series of the Lake Superior region represented 
in southeastern Ontario by ancient rocks of like character. The Grenville 
limestones have been deposited on the surface of the Keewatin. The writers 
class the Grenville limestone as regards age with the Keewatin iron formation 
of lake Superior, which it has not been found possible in that region to sepa- 
rate from the greenstones. The pre-Cambrian conglomerate and associated 
sedimentary rocks overlying, uncomformably, the Grenville limestone are 
classed as Huronian. The conglomerate contains not only ordinary fragments 
of the Grenville limestone, but “‘eozoon’’-like boulders as well, thus showing that 
the limestone is much older than the conglomerate. Moreover, the “pebbles of 
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cherty and ferruginous rocks resembling those found in the iron ranges of lake 
Superior” in the conglomerate of eastern Ontario are found by the writers to 
have been derived from layers or bands of this material in the Grenville lime- 
stone. 


The paper was read by Mr. Miller and the discussion was participated 
in by A. P. Coleman, H. P. Cushing, C. R. Van Hise, A. C. Lane, and 
W. G. Miller. 


The next paper was 


RELATION OF THE EQUUS BEDS OF KANSAS TO REVERSED MISSISSIPPI 
DRAINAGE 


BY W. G. TIGHT 


The paper was discussed by A. P. Coleman, H. E. Gregory, A. C. 
Lane, and F. W. Cragin. 


The following two papers were read without intermission by Dr. A. C. 
Lane: 
NEW UPPER SILURIC FAUNA FROM SOUTHERN MICHIGAN: 


BY W. H. SHERZER AND A. W. GRABAU 
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INTRODUCTORY 


This fauna raises the question whether the beds from the Sylvania to the 
Dundee should be regarded as Silurian with precisive Devonie forms or “colo- 
nies,” or whether the Sylvania should be regarded as Oriskany, and the 


1 By permission of the state geologist of Michigan. 
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physical conditions and fauna of the Siluric may be supposed to have lingered 
in Michigan longer than elsewhere. 

In regard to this question entire agreement has not been reached, and there 
is a chance for light from new facts, but as the problem has direct bearing on 
certain knotty questions in New York, Canada, and Ohio, it seems well to give 
the ascertained paleontologic facts to help others (Lane). 


Ficgure 1.—Section across the Detroit River 


S. Sibley quarry and bore-hole. Sl. Siluric—Lucas dolomite. 

G. I. Grosse Isle. Sa. Silurice—Amherstburg dolomite. 
Amh. Amherstburg channel. Sand. Siluric—Anderdon coral limestone. 
And, Anderdon quarry. Sid. Siluric—Flat Rock dolomite. 

Dd. Devonic-—Dundee limestone. Ss. Siluric—Sylvania sandstone. 


MonroEz FORMATION 
SALT SHAFT EXPOSURD AND SECTION 


In December, 1906, the salt shaft of the Detroit Salt Mining and Manufactur- 
ing Company penetrated a remarkable coral reef with a coral fauna of Devonic 
affinities deeply embedded in the Upper Siluric strata of Michigan—the Monroe 
formation. The existence of this reef had been suspected from the chips of the 
various wells drilled in this region,? while many years ago T. Sterry Hunt re- 
ported a similar coral horizon at a depth in the Upper Siluric beds of Goderich, 
Canada. Hall identified*® the fragments obtained from the Goderich wells with 
corals known otherwise only from the Onondaga limestone. 

The section of the salt shaft is as follows, in descending order: 


(Elevation of mouth of shaft, 575 feet above tide.) Feet Feet 
IDYENEE M5 6 0 BOG DIO HS OO.C OO CIES Or OIA Roa RE NORO TCS OtE Ou ENOR CECE IR oe are nee ae 83 83 
Dundee limestone, mostly a very pure calcarenite, rich in fossils, 

representing the lower Middle Devonic...................2.0-- 63 146 


DISCONFORMITY :* 


“Tucas” dolomite, a bard, very porous dolomite of a lutaceous 

texture, and full of cavities left by dissolved gastropods and other 

OSSULS Mme ie vere rete Pea nenete ae. woadatiomoretaWers wie’ stolen svehats alcraavetis varelh cate euler/eevaqievetes 189 335 
Intercalated Vimestone (Anderdon limestone), containing the coral 

fauna. The rock is a pure ecalearenite (lime sand rock), in which 


We GONG EN Gills saedooodseneoeouoeDo cab e mb coos cod 38 373 
Flat Rock dolomite, similar to the upper dolomite, but more com- 
AK FG: Vat tay NOSIS «aA gososeucodsdqcoggodundcdbouU505 47 420 
DISCONFORMITY : 
Sylvania sandstone, a pure silicarenite or quartz sand rock........ 117 537 


2 Michigan Geological Survey, vol. v, pt. ii, pp. 27, 28, and plates of Monroe, Mount 
Clemens, Port Lambton, Port Huron, ete. 

3 Transactions of the American Institute of Mining Engineers, vol. vy, p. 538; also 
Geol. Surv. of Canada, Report of Progress, 1876-7, pp. 221-243. 

4The hiatus supposed to be marked by disconformity was not very apparent in the 
upper shaft (Lane). 
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DISCONFORMITY:: Feet Feet 
Lower Monroe dolomites to salt, as shown by preliminary well 
Pg 2H0) 80 [Mey eric eRe eT COR OR MOT TIO On ot Ore ONO Hos cabobate 334 871 


ANDERDON EXPOSURE 


The only exposure of the intercalated coral limestone is found on the opposite 
side of the river in the Anderdon quarry, in Anderdon township, Essex county, 
Ontario, about 2 miles east of Amherstburg and 15 miles south of Detroit.’ It 
is from this locality that the formation takes its name. In the quarry about 
30 feet of Dundee is shown, and immediately below it lies the Anderdon, of 
which about 30 feet are exposed by the quarrying operations. The contact be- 
tween the Dundee and Anderdon is clearly a disconformable one, as shown not 
only by the absence of the 189-foot Flat Rock dolomite, which in the salt shaft 
at Detroit intervenes between the Dundee and Anderdon, but also by pro- 
nounced erosion features on the Anderdon. The top of this bed, where freshly 
uncovered by the removal of the Dundee, shows sections of large gastropod 
and cephalopod ‘shells (Trochonema and Trochoceras), which were partly 
worn away before the Dundee was deposited on the erosion surface. WFurther- 
more, old solution fissures in the upper surface of the Anderdon were filled by 
the lime sands which form the basal part of the Dundee. 

In one part of the quarry the Anderdon limestone is a great coral and 
Stromatopora reef, while in other parts it is for the most part a finely bedded, 
compact calcilutite (consolidated limestone mud) with conchoidal fracture 
and of great purity. Analyses have shown that it contains over 99 per cent 
CaCO,, while in compactness and texture it suggests lithographic stone. 


SIBLEY CORB AND OTHER EXPOSURES OF ANDERDON 


About 6% miles northwest from the Anderdon quarry in the drill cores at 
Sibley the Anderdon was again found to have the coral-reef facies and to 
underlie directly the Dundee. Between the two on Stony island and on Grosse 
isle a brown dolomite is shown, to which further attention is invited. Some 
of the best exposures formerly to be found were in the old Patrick quarry, at 
the south end of Grosse isle, in the Detroit river. At present the quarries at 
Gibraltar, 3 miles west of the Patrick quarry, furnish excellent exposures of 
this rock. Other good exposures are in the Woolmith quarry, near Scofield, 
15 miles southwest from Gibraltar, and at Sylvania and neighboring regions in 
northwestern Ohio. In all these cases it lies but a short distance above the 
Sylvania sandstone, which indeed is shown beneath it in the Woolmith quarry 
and at Silica, near Sylvania, Ohio. Two divisions are generally recognizable— 
a lower magnesian calcarenite, with a fauna transitional between that of the 
Anderdon and the overlying bed, and the upper a gray dolomitic calcilutite 
with a gastropod fauna. This upper bed, of which from 30 to 40 feet are 
shown in the quarries, is the typical Lucas formation of Ohio, so named by 
Prosser from the outcrops in Lucas county. For convenience it may be de- 
sirable to designate the lower calearenite by a special name, that of Amherst- 
burg dolomite being perhaps the best available one, since this bed forms the 


5 Nattress: Ninth report of the Michigan Academy of Science, p. 177; Ontario Bureau. 
of Mines, 1904, part ii, p. 41; also report for 1902, p. 123. 


SILURIC FAUNA FROM SOUTHERN MICHIGAN 543 


bottom of the eastern channel of the Detroit river opposite Amherstburg, On- 
tario. Recent dredgings have brought up the rock, and from it an extensive 
fauna has been collected by the Reverend Doctor Nattress, of Amherstburg. 
The greatest thickness of the Amherstburg dolomite is probably not over 20 
or 30 feet, and a part of it is seen in the lower part of the Patrick, Gibraltar, 
and Woolmith quarries in Michigan and the Silica and Webster quarries in the 
Sylvania district of Ohio. 


CORRELATION OF THE BEDS 


The correlation of these beds with the beds exposed in the salt shaft at De- 
troit is not as simple as it would at first appear. From the fact that in the quar- 
ries cited the dolomites rest directly on the Sylvania sandstone, one would be led 
to regard them as the equivalent of the lower or Flat Rock dolomite bed of the 
salt shaft, which lies between the Sylvania and the Anderdon. The fossils, how- 
ever, tell a different story. There is not a single species in common between 
the Flat Rock dolomite of the salt shaft and the Amherstburg or Lucas beds. 
The Lueas, however, in all its outcrops carries a fairly abundant fauna mainly 
of gastropods, which is identical with that of the wpper dolomite—189 feet 
thick—of the salt shaft. Moreover, the Amherstburg dolomite, which lies 
below the Lucas in all the quarries, contains an equal mixture of Anderdon and 
Lueas fossils, the former often predominating. The only possible interpreta- 
tion of this seems to be that the Lucas dolomite of the quarries represents the 
lower part of the upper dolomite bed of the salt shaft, which therefore should 
be referred to as the Lucas, and that the Amherstburg dolomite lies between 
the Lucas and the Anderdon, forming a transitional bed. The Amherstburg 
bed has not been distinguished in the salt shaft, which is not surprising when 
the small size of the shaft is considered. 

If the above interpretation is correct, some surprising facts with reference 
to the structural geology of southern Michigan and the adjoining areas are 
revealed. It is first of all shown that the Upper Monroe beds overlap south- 
ward against the Sylvania sandstone as against a basal bed. This would indi- 
cate that before the formation of the Upper Monroe beds the area involved was 
dry land. Studies of the authors on the Sylvania sandstone now in progress 
reveal facts which point to seolian or anemoclastic origin of this sandstone. 
Another harmonious fact is found in the thickening of the Flat Rock dolomite 
of the salt shaft as we go northward, as shown by well records (see diagram 
figure 1). ; 

Another surprising fact is that in pre-Dundee time a number of low folds 
extended across southeastern Michigan, Canada, and Ohio in a direction east- 
northeast. A synclinal trough extended through the center of Grosse isle, past 
the Gibraltar, Flat Rock and Woolmith quarries, probably a little to the north 
of all of these. An anticlinal axis extended parallel to this through the Ander- 
don quarry and through the region where now are situated the Sylvania sand- 
pits south of Scofield. A second anticlinal axis, also parallel or approximately 
so to the others, extended through the region of the present Sibley quarries, or 
somewhat to the north. Peneplanation during Lower Devoniec time truncated 
these low folds, so that on the deposition of the mid-Devonie Dundee the base 
of this formation came to rest on different members of the Upper Siluric. 
Thus at the Anderdon quarry the bed exposed by the truncation of the anti- 
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cline was the Anderdon, and on this came to rest the Dundee (see diagram, 
figure 1). In the southwestward extension of this same fold the bed exposed 
at the top of the truncated anticline was the Sylvania, the axis of the anticline 
here having crossed to the south of the line of overlap—that is, the shoreline 
at the end of Anderdon time. At this point the Dundee came to rest directly 
on the Sylvania, remnants of it being still visible in intimate association with 
the Sylvania. This intimate association of the two caused Rominger to mis- 
take the Sylvania for the Oriskany. South of this axis the Dundee came to 
rest again on the Lucas beds, as shown in several quarries in the vicinity of 
Sylvania, Ohio. This section formed the southern flank of the Anderdon-Toll- 
pit anticline. Since the line of overlap of the Amherstburg over the Ander- 
don—that. is, the shoreline at the end of Anderdon time—curves more to the 
south than does the axis of the anticline (extending from the Gibraltar quarry 
and the region south of Amherstburg through the Woolmith quarry and thence 
curving south to the Silica and Webster quarries near Sylvania), it is evident 
that the resultant outcrops will be quite varied. 


POSSIBLH ECONOMIC VALUE 


Incidentally it may be remarked that these anticlines may have an economic 
value, since all the lower strata are involved, and favorable conditions for the 
storage of oil and gas thus created. The fact that these anticlinals could 
have been located only with the help of paleontology seems, in view of what is 
known of the connection of oil and gas with such structures, an interesting 
illustration of the practical value of the study of the fossils. 


PROOF OF THE LOWER DrEVONIC HIATUS 


The foregoing discussion has made clear that a hiatus of considerable magni- 
tude exists between the Monroe beds and the overlying Dundee limestone, the 
approximate equivalent of the Onondaga limestone of New York. At the salt 
shaft this limestone rests on 189 feet of Lucas dolomite. At the Sibley and 
the Anderdon quarries it rests on Anderdon limestone. Between the two on 
Grosse isle and Stony island lower Lucas is present; at the Gibraltar and 
Woolmith quarries the Dundee, now removed, formerly rested on less than a 
hundred feet of Lucas. Three to 4 miles southeast from the latter locality 
the Dundee rests on the Sylvania, and fossils of the former occur in the re- | 
worked upper portion of the latter. Near the Silica and Webster quarries and 
at the S. K. Cooper quarry, near Sylvania, Ohio, the Dundee rests again on lower 
Lueas. Further southeast in Ohio the Dundee (Columbus) rests on various 
members of the Lower Monroe,® while at Buffalo, New. York, the Onondaga 
rests on the lower 7 feet of the Bullhead or Akron limestone, the probable 
equivalent of the Amherstburg bed of Michigan and the Cobleskill of eastern 


6 “Relative to ‘the lower 35 or 40 feet of the Columbus limestone, permit me to add a 
word: In central Ohio the dividing line between this ‘brown saccharoidal magnesian 
limestone’ and the underlying Monroe formation, with its banded compact drab lime- 
stone, is very distinct. In fact, it is an unconformity [disconformity], and at many 
places the lower portion of the brown limestone (Columbus) is a real basal conglom- 
erate. From this 40 feet of brown limestone I have collected a rather scanty Columbus 
limestone fauna, even in the basal layers. At Sandusky and vicinity the unconformity 
[disconformity] is also evident. Here the upper part of the Monroe formation carries a 
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New York. A period of dry land is thus indicated for Michigan, Ohio, and 
western New York and Canada, and elsewhere as well, during which prolonged 
erosion occurred, preceded by a basining of the Michigan and doming of the 
Cincinnati regions, and the formation of the diagonal folds in southeastern 
Michigan and Canada. It was during this same period of dry land condition 
that the extensive brecciation of the Monroe beds occurred, through suberial 
agencies, producing the large and small angular fragments, which were subse- 
quently, on the advent of the mid-Devonic Dundee sea, incorporated in the base 
of that formation, as now found at Mackinac island and Goderich, Canada, and 
outlined by Grabau before this Society during a former meeting. 


SYNOPSIS OF THE FAUNAS OF THE MONROE BEDS oF MICHIGAN, ONTARIO, OHIO, 
AND WESTERN NEW YORK 


THE LOWER MONROE FAUNAS 


In general.—In the following annotated list all the species which have so 
far been obtained from the Monroe formation are given. They are fully de- 
seribed and illustrated in a memoir of this fauna (by Grabau), now awaiting 
publication at the hands of the Michigan Geological Survey, and forming part 
of an extensive discussion of the Monroe formation by the present authors. 
Although the inajority of species are new, and their full characterization can 
not be given here, it is nevertheless deemed advisable to list them, with brief 
suggestions of their affinities. 

Although the discussion of the Lower Monroe formation does not enter into 
the present paper, it is nevertheless deemed desirable to include a list of the 
faunse, Since this will serve to emphasize the distinctness of the faunze of the 
Upper Monroe beds. The subdivisions here used are those discussed in another 
paper by Lane, Prosser, and the present authors, and adopted in the memoir 
on the Monroe formation already referred to. 

A. Fauna of the Greenfield dolomite—This horizon is so far known only 
from Ohio, where it is exposed at Greenfield and Ballville. The fauna was 
originally deseribed by Whitfield, though many of his identifications can not 
now be accepted. The type material is mostly in the collection of Columbia 
University. 


BRACHIOPODA : 


1. Schuchertella hydraulica (Whitfield), characterized by alternation of coarser 
with several finer radii; very common. 
2. Camarotechia hydraulica (Whitfield). 


fauna which fixes its age, while immediately above these layers comes a limestone filled 
with a rich Columbus fauna, thus making a clear case of it for central Ohio. 
“West of Toledo, however, the dividing line is not so evident between the Lucas dolo- 
mite and the base of the Columbus limestone, as we consider it in northwestern Ohio. 
“The following measurements are copied from my field book : 
Columbus limestone 
Lucas dolomite 


Compact, drab dolomitic limestone, banded................ 63 feet 
Drab dolomitic limestone, with some gray or brown sand- 
STONEMIAVELS DITEHMA DIM Ts os) occ «cr eyrelehierevelenbee, Olevia ols Go ae ecsvepeltahs 36 feet 


Sylvania sandstone 


L—BULL. Guou. Soc. AmM,. Vou. 19, 1907 
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3. Rhynchospira preformosa Grabau manuscript —Retzia formosa Whitfield non 
Hall. 

4. Hindella ? whitfieldi Grabau manuscript — Weristella bella Whitfield in part; 
common. 

. Hindella rostralis Grabau manuscript = Veristella bella Whitfield in part. 

. Hindella ? rotundata (Whitfield)—= Nucleospira rotundata Whitfield. 

. Whitfieldella subsulcata Grabau manuscript, a rather rare form, related to W. 
suleata. 


Om 1 


OSTRACODA = 


9. Leperditia angulifera Whitfield. 
10. Leperditia altoides Grabau manuscript, larger and more robust than L. alta. 


B. Fauna of the Put-in-bay dolomites——This is best known from Put-in-bay 
island, lake Erie, but has also been found on the main land. 


1. Spirifer ohioensis Grabau manuscript (Sp. vanuremi Whitfield, a larger species 
than S. vanuremi Hall, with fewer and coarser plications, the inner very 
broad ; common). 

2. Goniophora dubia (Hall), abundant. 

3. Leperditia alta Conr., abundant. 

4. Eurypterus eriensis Whitfield. 


C. Fauna of the Raisin River beds.—These beds are partly exposed on Put- 
in-bay island, but more extensively in southeastern Michigan and adjoining 
portions of northern Ohio. Fossils are not very numerous. 


. Whitfieldella prosseri Grabau manuscript (Meristella levis Whitfield, the most 
abundant and characteristic form). 
. Pholidops cf. ovata Hall; rare. 
. Camarotechia sp. 
. Meristina profunda Grabau manuscript and mutation sinosus Grabau manu- 
seript. 
5. Pterinea lanii Grabau manuscript (Pt. aviculoidea Whitfield non Hall; a com- 
mon species). 
6. Goniophora dubia Hall. Very rare. 
7. Tellinomya sp. 
8. Modiomorpha sp. 
9. Celidium ? cf. minutum Hall. 
10. C. 2? ef. extenuatum Con. 
s 11. Loronema sp. 
12. Holopea sp. 1. } 


— 


He OO bo 


Three clearly distinct species, but too poorly preserved for spe- 


} Sp. 2. 
te UCR CU: cific identification. 


14. Holopea sp. 3. 
15. Spirorbis larus Hall. An abundant species. 
16. Beyrichia cf. susserensis Weller. Rare. 

17. Plant remains. 


THE UPPER MONROE SERIES 


D. Fauna of the Flat Rock dolomite of the salt shaft.——This fauna is known 
from the salt shaft, but some fossils have also been found in the dolomite of 
Flat Rock which represents this horizon. 


1. Syringopora cf. hisingeri Bill. This species is doubtfully identified from the 
salt shaft and from Flat Rock. ; 

2. Syringopora cooperi Grabau manuscript, a species with numerous short trans- 
verse processes, somewhat whorled. S. compacta Bill., from Anticosti, seems 
to be a related form. 

3. Favosites cf. maximus Troost. Identified with a specimen from the Onondaga 
of Ohio, referred to this species. 


~ 
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E. Fauna of the Anderdon bed of the salt shaft (ss). and the Anderdon 
quarry (a.q.).—Unless specified, the species occurs in both localities. 


STROMATOPOROIDS : 


1. Clathrodictyon ostiolatum Nicholson, abundant; a Guelph and Cobleskill species. 

2. Stromatopora galtense (Dawson), abundant; a Guelph and Cobleskill species. 

3. Stylodictyon sherzeri, Grabau manuscript, ss., the only Siluric representative of 
the genus known'; closely related to species from the Columbus limestone 
and from the Traverse beds of Michigan. 

. Clathrodictyon variolare vy. Rosen, aqg.; a Siluric type, rather common. 

. Coenostroma pustulosum, Grabau manuscript, ag.; an abundant form. 

. Idiostroma nattressi, Grabau manuscript. A small branching species, closely 
similar to, if not identical with those abounding in the Traverse group of 
Michigan. 


ANTHOZOA : 


lori a 


7. Helentorophyllum caliculoides Grabau manuscript, gen. et sp. Like Entero- 
lasma caliculum, of the Niagara, but with carine on the septa; not uncom- 
mon ; aq. 

8. Cyathophyllum cf. thoraldense Lambe; rare; ss. 

9. Cyathophyllum americanum, mut. anderdonense Grabau manuscript. Differs 
from the species in its somewhat more concentrated large cysts; com- 
mon ; aq. 

10. Synaptophyllum multicaule (Hall). . 

11. Diplophyllum integumentum Barrett. A characteristic species of the Decker 
ferry beds of New Jersey ; common. 

12. Ceratepora tenella (Rominger) ; common; aq. 

13. Favosites basaltica var. nana Grabau manuscript; common; ss.; a form differ- 
ing in nothing but size of corallites from the typical Columbus limestone 
species. 

14. Favosites rectangularis Grabau manuscript; common; a digitate species with 
the corallites turning at nearly right angles. The species has squamule like 
the Devonic species. 

15. Cladopora bifurcata Grabau manuscript; an abundant form of Silurie affinities. 

16. Favosites concava Grabau manuscript; a common form; aq. 

17. Syringopora microfundulus Grabau manuscript; not unlike S. infundibulum 
Whitfield, but very much smaller; rare; ss. 


BRACHIOPODA : 


18. Prosserella modestoides Grabau manuscript; gen. et sp. A genus which so far 
appears to be confined to the Upper Monroe; is characterized among other 
features by two strong but closely parallel, rarely uniting septa in the 
pedicle valve. Its nearest allies are found in the Middle Devonie of Europe. 
P. modestoides is common in ss., is large for the genus, and non-plicate; a 
related form apparently occurs in the Guelph. 

19. Prosserella lucasi Grabau manuscript; rare, but abundant in Lucas dolomite. 


PELECYPODS : 
20. Conocardium monroense Grabau manuscript; a species very closely related to 
C. trigonalis of the Schoharie grit ; common. 


GASTROPODS : 


21. Hotomaria galtensis (Billings) ? ; an impression referred to this species ss. 
22. Pleurotomaria cf. velaris Whiteaves; an imperfect form of this type. 


F. Fauna of the Amherstburg bed.—TLhis is best known from the dredging ip 
the Detroit river opposite Amherstburg, Ontario, where the Reverend Mr Nat- 
tress made an extensive collection. It is also known from the Patrick, Gibral- 
tar, and Woolmith quarries, 
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STROMATOPOROIDS : 


1. Clathrodictyon ostiolatum Nicholson ; often in large, digitate masses. 


ANTHOZOA : 


2. Heliophrentis alternata Grabau manuscript, gen. et sp. A Zaphrentoid coral 
with caring in the upper part of the septa; a derivative of Siluric Zaphrenti ; 
common. A closely related if not identical species occurs in the Schoharie. 

. Mutation compressa Grabau manuscript. 

. Mutation magna Grabau manuscript. 

. Heliophrentis carinata Grabau manuscript, with septa carinated throughout 
greater part of calyx; common. 

7. Oystiphyllum americanum mut. anderdonense Grabau manuscript; rather rare. 
8. Acervularia sp. nearest to A. rugosa of the Onondaga. 
9. Synaptophyllum multicaule (Hall). 

10. Diplophyllum integumentum Barrett; rather rare. 

11. Romingeria umbellifera (Bill.) ; indistinguishable from the Devonic form. 

12. Ceratopora regularis Grabau manuscript. 

13. Favosites tuberoides Grabau manuscript; differs from the Devonic F. tuberosus 

only in the smaller corallites, which have well-marked squamule. 

14. Cladopora bifurcata Grabau manuscript; abundant. 

15. Cladopora cf. cervicornis Hall; poorly preserved, but with all the characters of 

that species. 

16. Syringopora microfundulus Grabau manuscript. ? 

17. Syringopora cf. hisingeri (Bill.). ? 


Ol pm oO 


BRYOZOA : 


18. Fenestella, two sp. 


BRACHIOPODA : 


19. Schuchertella interstriata (Hall) ; common. 

20. S. amherstburgense Grabau manuscript; rare. 

21. Stropheodonta vasculosa Grabau manuscript; closely related to S. patersoni- 
bonamica Clarke of the Helderbergian. 

22. Stropheodonta demissa mut. homolostriata Grabau manuscript ; like some Onon- 
daga forms of S. demissa. 

23. Stropheodonta preplicata Grabau manuscript; closely related to S. plicata of 
the Traverse group. 

24. Stropheodonta sp. 

25. Spirifer sulcatus mut. submersus Grabau manuscript; of the type of the Euro- 
pean S. sulcatus. 

26. Prosserella modestoides Grabau manuscript. 

27. P. modestoides mut. depressus Grabau manuscript ; common. 

28. P. subtransversa Grabau manuscript ; possibly referable to the Lucas. 

29. Whitfieldella sp. 

30. Meristospira michiganense Grabau manuscript, gen. et sp. Hinge structure 
combining characters of Merista or Whitfieldella and Nucleospira; abundant 
in Woolmith quarry. 

31. Meristina profunda Grabau manuscript ; doubtfully identified. 

32. Atrypa reticularis Linn.; a single fragmentary impression. 

33. Cyrtina sp. 

34. Orthid brachiopod. 


PHLECYPODA : 


35. Panenka canadensis Whiteaves; a common form most nearly like the Schoharie 
type; described by Whiteaves as a mid-Devonic form. 

36. Cypricardinia canadense Grabau manuscript. 

37. Conocardium monroense Grabau manuscript ; suendeme and characteristic. 


i 
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GASTROPODA : 


38. Hormotoma subcarinata Grabau manuscript; most nearly related to Gotlandian 


species ; most characteristic of the Lucas. 


39. Holopea antiqua var. pervetusta (Conrad;. 
40. Acanthonema holopiformis Grabau manuscript, gen. et sp.; a moderately high- 


spired form like Orthonema, but with nodulated spirals. 
. Strophostylus cyclostomus Hall; rather common. 


42. Hotomaria areyi Clarke and Ruedemann ; rather common. 
43. EHotomaria sp. 
44. Lophospira bispiralis (Hall) ; rather common. 


. Trochonema ovoides Grabau manuscript; a large flat-spired form; nearest ally 
in Helderbergian. 


46. Hercynella canadense Grabau manuscript; the first species of this characteristic 


Hereynian gastropod found in America; it is most nearly related to H. fasti- 
giata Barrande. 


CEPHALOPODA : 


47. Dawsonoceras annulatum ; a strongly annulated variety. 


48 


. Cyrtoceras orodes Bill.; identical with species described by Clarke and Ruede- 
mann from the Guelph. 


49. Poterioceras cf. sawriens Clarke and Ruedemann; apparently identical with the 


Guelph species. 


50. Trochoceras anderdonensis Grabau manuscript; a smooth-shelled and loose- 


spired form closely similar to 7. priscum Barr. of the Bohemian Siluric. 


ANNELIDA : 

51. Oornulites armatus Conr.; a species also characteristic of the Guelph. 
TRILOBIT! : 

52. Pretus crassimarginatus Hall; several cephala and pygidia and a nearly entire 


specimen, indistinguishable from the characteristic Schoharie form. 


G. Fauna of the Lucas dolomite.—This is exposed in the salt shaft and in 
numerous quarries of southern Michigan and Lucas county, Ohio. 


ANTHOZOA : 


il 


. Heliophrentis carinata Grabau manuscript; rare in this horizon. 


2. Cylindrohelium profundum Grabau manuscript, gen. et sp.; in general like 
Diplophyllum, but with carine; calyx profound and parallel-sided. The 
most characteristic corals of this horizon, found also in corresponding hori- 
zon of the Saskatchewan region, upper Canada. 

3. Cylindrohelium heliophylloides Grabau manuscript; more irregular and with 
shorter calyx, and with stronger carinated septa; ss.; an identical form fig- 
ured by Clarke and Ruedemann as Heliophyllum sp. from the Guelph, 

4. Cladopora bifurcata Grabau manuseript; not uncommon. 

BRACHIOPODA : 

5. Schuchertella interstriata (Hall) ; not uncommon. 

6. Camarotechia semiplicata (Conrad) ; a rather common species in the gs. 

7. Spirifer sulcata, mut. submersa Grabau; rare in the Lucas. 

8. Sp. modestus Hall; not uncommon in the ss. 

9. Prosserella Wecasi Grabau manuscript; an abundant form with pronounced fold 

5 and sinus. 

10. Prosserella subtransversa Grabau manuscript; a transverse form with plica- 
tions ; common. 

11. Prosserella unilamellosus Grabau manuscript, with the dental lamelle united 


12 


into a median septum at the base. 
. P. planisinosus Grabau manuscript; a large species with shallow, flat-bottomed 
but pronounced median depression; rare. 
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PELECY PODA : 


13. Panenka canadensis Whiteaves; rare in the Lucas. 

14. Pterinea bradti Grabau manuscript; a low, long-winged type common in the ss, 

15. Goniophora sp. = 

16. Conocardium monroense Grabau manuscript; less common than in the lower 
beds. 

17. Modiella ? sp. 


GASTROPODA : 


18. Hormotoma subcarinata Grabau manuscript; abundantly represented. 

19. H. tricarinata Grabau manuscript; a derivative of the preceding, with an addi- 
tional carina. 

20. Celidium ? minutum Hall; doubtfully identified. 

21. Celidium extenuatum Hall; ? doubtfully identified. 

22. Loxonema parva Grabau manuscript; a small species. 

23. Holopea subconica Hall; common in salt shaft. 

24. Polcumita cf. crenulata Clarke and Rued.; of the type of the Guelph form. 

25. Pleurotrochus bicarinatus Grabau manuscript, gen. et sp.; type similar to the 
strongly spinose “Murchisonia” of the Upper Siluric of Gotland, of which 
several are referred to this genus. 

26. Acanthonema holopiformis Grabau manuscript; a short, age coiled form with 
two nodose spirals ; common. 

27. A. holopiformis yar. obsoleta Grabau manuscript, with middle spiral non-nodose, 
obsolete. 

28. Acanthonema lara Grabau manuscript; longer and more loosely coiled; common. 

29. Acanthonema newberryi (Meek) (Orthonema newberryi Meek), described as oc- 
curring in the Devonic. 

30. Pleuronotus subangulatus Grabau manuscript; recalls strikingly the Deyonic 
P. decewi. 

31. Euomphalus cf. fairchildi Clarke and Ruedemann; rare in ss. 

32. Hotomaria areyi Clarke and Ruedemann ; fairly abundant. : 

33. Hotomaria galtensis (Bill.) ; characteristic and not uncommon. 

34. Euomphalopterus cf. valeria (Bill.) ; a characteristic fragment from the ss. 


CEPHALOPODS : 
35. Orthoceras (Protokionoceras) cf. trusitwm; several fragments showing the 


characteristic features of this Siluric species. 


H. The fauna of the Bullhead or Akron dolomite of western New York.— 
This was originally described by Grabau, but some revision is necessary.” 


ANTHOZOA : 
1: Cyathophyllum (2) hydraulicum Simpson ; common. 


2. Favosites sp. 


BRACHIOPODA : 
38. Schuchertella interstriata (Hall) ; an abundant and characteristic form. 
4. Spirifer eriensis Grabau. 
5. Whitfieldella sulcata (Vanuxem). 
6. Whitfieldella subsulcata Grabau manuscript (Whitfieldella cf. levis (Whitf.) 


Grabau). 


7. Whitfieldella sp. (Whitfieldella cf. rotundata (Whit.) Grabau). 
8. A. rhynchonelloid. 


GASTROPODA : 


9. Lozronema ? sp. 
10. Pleurotomaria ? sp. 


-7™7The name Akron dolomite is derived from its exposure in the village of Akron, in 
Erie county, New York. It is approximately equivalent to the Cobleskill of the Hast. 
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CEPHALOPODA : 


11. Trochoceras (Mitroceras) gebhardi Hall. 
OSTRACODA : 


12. Leperditia scalaris Jones; common. 


PLANT: 


13. Nematophytum crassum Penhallow ; rare. 
14. Buthothrephis clavelloides Grabau manuscript; rare. 


Schuchertella interstriata, Spirifer eriensis, Mitroceras gebhardi, and Lep- 
erditia scalaris link this fauna with the Cobleskill. Schuchertella interstriata 
and the Whitfieldellas link it with the Amherstburg. 


DISCUSSION OF THE FAUNAL DIFFERENCES 


A survey of these faunas brings out the remarkable fact that there is nothing 
in common (a few doubtfully identified gastropods excepted) between the Lower 
and Upper Monroe. So distinct are the faunas that they may be considered as 
derived from widely separated provinces. The Lower Monroe is apparently an 
Atlantic fauna or series of faunas, and we are led to believe that an embay- 
ment from the Atlantic extended as far as Wisconsin in post-Salina time, and 
that the successive members of the Lower Monroe were deposited in this. The 
marine “Salina” described by Schuchert from Maryland most probably belongs 
here, the path of invasion being approximately across that region. There ap- 
pears to be nothing in New York which corresponds to this series, that state 
being apparently north of the embayment. The embayment covered Ohio, 
Michigan, and probably a part of Indiana, and extended into Wisconsin. 

Following the deposition of the Lower Monroe came a retreat of the sea and 
seolian deposits of quartz sands accumulated upon the limestone foundation. 
These are now seen in the Sylvania sandstone, the source of the material of 
which probably was the Saint Peter sandstone. The Upper Monroe invasion 
was from the northwest, and it brought with it a wholly new fauna, in which 
the prevailing element was of Devonic aspect. A large proportion of the spe- 
cies of the Anderdon and Amherstburg beds is most nearly related to the Scho- 
harie fauna, the similarity being often so great that species have been de- 
scribed as Schoharie or Onondaga forms. 

The following are the species more nearly related to mid-Devonie forms than 
to known Siluric: 


STROMATOPOROIDS : 


1. Stylodictyon sherzeri cf. S. columnare. 
2. Idiostroma nattressi cf. I. traversense Grabau manuscript. 


ANTHOZOA: 


3. Heliophrentis alternatum cf. unidentified Schoharie form. 


4. Mutation compressa and Mut. magna cf. 

5. H. carinata. 

6. Oystiphyllum americanum, Mut. anderdonense cf. C. americanwn. 
7. Acervularia sp. cf. A. rugosa. 

8. Romingeria wmbillifera, R. umbillifera. 

9. Ceratopora regularis. 
10. Favosites basaltica nana cf. F. basaltica. 
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11. F. rectangulus. 

12. F. tuberoides cf. F. tuberosus. 

13. Cladopora cf. cervicornis cf. C. cervicornis. 
14. Syringopora cf. hisingeri cf. S. hisingeri. 
15. Favosites concava. 

16. F. ef. maximus cf. Devonic specimens. 


BRACHIOPODA : . 


17. Stropheodonta vasculosa cf. S. patersoni mut. bonamica. 

18. S. demissa homolostriata cf. S. demissa var. 

19. S. preplicata cf. S. plicata. 

20. Prosserella modestoides and mutation depressa cf. Devonic Spirifers of the Wifel. 
21. Prosserella lucasi. 

22. P. subtransversa. 

23. (P. unilamellosus) ef. Devonic Spirifers of Hurope. 

24. (P. planisinosus). 


PELECYPODA : 


25. Panenka canadensis ef. P. dichotoma. 
26. Conocardium monroense cf. OC. cuneus. 


GASTROPODA : 


27. Trochonema ovoides. 
28. Hercynella cf. H. fastigiata Barr. 


TRILOBITE : 


29. Pretus crassimarginatus, P. crassimarginatus. 


This list of species shows that the Anderdon-Amherstburg fauna is most 
nearly related to the Schoharie fauna of eastern New York, and that it prob- 
ably represented the stock from which that fauna was derived. Coral reef 
conditions existed in Michigan and Ontario at that period, the eastern exten- 
sion of these conditions being first manifested in the waterlime deposits, and 
later in the Akron, and finally in the Cobleskill. This latter marks the period 
of reestablishment of connection with the Atlantic, and we find that this forma- 
tion is especially characterized by an Atlantic fauna in its more eastern devel- 
opment (Halysites, etcetera). The faunas mingled in the neighborhood of the 
Schoharie region.® 

With the opening of the Atlantic connections the late Siluric Gastropod and 
Cephalopod fauna entered this region and became characteristic of the succeed- 
ing Manlius-Lucas deposits, while the typical Anderdon fauna soon disap- 
peared. A comparison of the Anderdon and the Lucas fauna shows scarcely a 
common species. In the Amherstburg, however, there is more or less of the 
commingling of the two faunas. That the junction with the Atlantic was 
effected while the Amherstburg beds were forming is shown by Siluric gastro- 
pod and cephalopod elements in its fauna, and their absence from the Ander- 
don fauna. The correlation of the Amherstburg and Cobleskill thus seems 
evidenced. 

Considering the Anderdon fauna as a whole, we see a blending of types of 
the Siluric with those of Devonic affinities. Recognizing that this fauna is 
interpolated between two Siluric faunz, we are forced to admit that here is an 
example coming perilously near satisfying the demands of Barrande’s theory 


8A. W. Grabau: Bulletin of the New York State Museum, p. 131. 
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of colonies. Somewhere the Siluric fauna must have developed into the De- 
vonic, while in other regions the Siluric fauna still lingered. That this Devonic 
aspect is that of the mid-Devoniec fauna of America rather than the lower, 
shows that this evolution was progressing along different lines from that of 
the Helderbergian fauna. This latter fauna is alien to North America, as is 
well known, having come to us from Europe. Somewhere in northwestern 
America an indigenous Lower Devonic fauna existed, which in turn gave rise 
to the Middle Deyonic faunas of America. This indigenous American Lower 
Deyonic must have been much like the Middle Devonic fauna, seeing that the 
indigenous Upper Siluric is already so far advanced as to have a decided mid- 
Devonic aspect. 

It might, of course, be argued that the Upper Monroe is the indigenous Lower 
Devoniec of America and that it existed contemporaneously with the Helder- 
bergian fauna. On such an interpretation the Sylvania marks the Siluro- 
Deyonic hiatus, and the upper hiatus representing the folding and erosion of 
the entire of Monroe and earlier rocks falls into the Oriskany. That period, 
as we know it, was scarcely long enough for the accomplishment of such ex- 
tensive erosion as is implied in the pre-Onondaga hiatus, though it is known 
that a considerable amount was accomplished during that time. The strongest 
argument against such an interpretation is, however, the Siluric character of 
the fauna of the Lucas dolomite and the evident correspondence of the Am- 
herstburg and Cobleskill horizons. 


NOMENCLATURE AND SUBDIVISION OF THE UPPER SILURIC STRATA OF 
MICHIGAN, OHIO, AND WESTERN NEW YORK 


BY A. C. LANE, CHARLES S. PROSSER, W. H. SHERZER, AND A. W. GRABAU 
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THE MonrRoE FORMATION 
LOCATION AND GENERAL CHARACTERS 


The highest Silurie strata of America are represented by the Monroe forma- 
tion of Michigan, using this term in its limited sense for the post-Salina Silurie. 
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The Monroe formation is a strictly marine series succeeding the abnormal (non- 
marine [Grabau]) Salina. It is traceable throughout lower Michigan, west- 
ward into Wisconsin, and eastward through Ohio, Ontario, and into western 
New York. Where recognizable a strong dividing line separates the lower from 

the upper part, and in general this division is emphasized by the occurrence 
- of the Sylvania sandstone, a rock of pure quartz grains, and representing, ac- 
cording to Grabau and Sherzer, an solian deposit formed under conditions 
similar to those now found in the Lybian desert. According to this interpre- 
tation, the Sylvania sandstone represents a long time interval the depositional 
marine equivalent of which is still unknown. This long interval is further 
emphasized by the entire distinctness of the faunze of the lower and upper 
divisions of the Monroe. 

The subdivisions recognized so far in the Monroe, with their faunal charac- 
teristics (determined by Grabau), are as follows: 


I. THH LOWER MONROD 


Proposed name—Bass Islands series.—¥or this stratigraphic unit the name 
Bass Islands series is proposed, from the group of islands of that name in west- 
ern Lake Hrie. No other appropriate term seems to be available, though char- 
acteristic exposures of all the divisions are not found in these islands. 

a. The Greenfield dolomite-—This term was proposed by Grabau in 1898, 
though previously used in a commercial sense, for the dolomite found about 
Greenfield, Highland county, Ohio, and exposed again in the regions about 
Ballville, in northern Ohio. The name is here accepted for this division, which 
is characterized by Schuchertella hydraulica (Whitfield) ; Hindella ? whit- 
fieldi Grabau; H.?rostralis Grabau; Leperditia, etcetera. The faunal zone 
may be called that of Schuchertella hydraulica. The thickness is 100 feet or 
more and the formation is the lowest known subdivision of the Monroe. 

b. The Tymochtee shales and limestones.—Yhis name was proposed in 1873 
by N. H. Winchell for the shales and thin-bedded calcilutytes of the Monroe 
(Waterlime) series exposed in the creek of that name in Crawford township, 
Wyandot county, Ohio. The thickness there is something over a hundred feet, 
but the relation to the overlying and underlying formation is unknown. Its 
fauna likewise is unknown, and the formation must be considered a tentative 
division of the Lower Monroe. It is not impossible that it represents in part 
one or more members recognized elsewhere. 

ce. The Put-in-bay dolomites.—This name is proposed for the extensive fossil- 
iferous series of waterlime exposed on Put-in-bay island, one of the Bass 
islands, and characterized by the fauna comprising Spirifer ohioensis Grabau, 
Goniophora dubia Hall, Hurypterus eriensis Whitfield, and Leperditia. From 
the abundance of the pelecypod, the paleontologie zone may be called that of 
Goniophora dubia. Something over a hundred feet of strata is exposed on Put- 
in-bay island, where the higher beds are in contact with the succeeding zone. 
The formation is also known from Marion county, Ohio. Its thickness is over 
100 feet, but the base is unknown. 

d. The Raisin River dolomites.—This name is proposed for the highest divis- 
ion of the lower Monroe exposed in Lucas and Wood counties, Ohio, and in 
Monroe county, Michigan, especially along the Raisin river. It is perhaps 200 
feet thick and contains several oolite zones.. Its known fauna comprises nearly 
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20 species, of which the most significant are Whitfieldella prosseri Grabau and 
Pterinea lanii Grabau. These are restricted to this horizon, so far as known. 
Npirorbis larus and numerous minute gastropods, besides plant remains, further 
characterize this horizon. From the abundance of the brachiopod mentioned, 
which is everywhere found and characteristic, the faunal zone is designated as 
that of Whitfieldella prosseri. 


Il. THE MIDDLE MONROE 


This is represented in Michigan only by the Sylvania sandstone. This is 
believed to represent a long interval at the end of which a new series of faune 
invaded this region upon resubmergence. The thickness of the Sylvania seldom 
exceeds 150 feet. 


Ill. THE UPPER MONROE 


Proposed name—Detroit River series —For this stratigraphic unit, the group 
name Detroit River series is here proposed from the exposure of all its mem- 
bers along that stream. It comprises four subdivisions or faunal zones. 

a. The Flat Rock dolomites—These are exposed at Flat Rock on the Huron 
river, and are also found in the lower part of the salt shaft at Oakwood, 
near Detroit. The fauna so far obtained is meager, comprising only the corals 
Syringopora cooperi Grabau, S. cf. hisingeri Billings, and Favosites cf. mazi- 
mus Troost. The first mentioned seems to be characteristic and restricted to 
it, and the zone is provisionally called the Syringopora cooperi zone. The 
thickness of the formation varies from 40 to 150 feet or more. 

b. The Anderdon limestone.—This name, suggested by the Reverend Thomas 
Nattress, was adopted by Sherzer and Grabau for the coral reef limestone 
exposed in the Anderdon quarry, Essex county, Ontario, two miles from Am- 
herstburg, Ontario, and in the salt shaft at Oakwood, Detroit. Its thickness 
is from 40 to 50 feet and its fauna a rich coral and stromatopora fauna. It 
varies from a pure calcilutyte to a moderately coarse calearenyte. Six species 
of stromatoporoids and eleven of coral have been determined by Grabau. 
Among the former Stylodictyon sherzeri Grabau and IJdiostroma nattressi 
Grabau are characteristic and restricted. From the abundance of the latter 
the faunal zone may be named the J/diostroma nattressi zone. Fayosites of 
Devonie affinities are characteristic. 

c. The Amherstburg bed—This name is proposed by Sherzer and Grabau 
for the next higher stratum—a dolomite not over 20 feet thick and forming 
a transition zone to the overlying Lucas. This zone is rich in fossils, 52 spe- 
cies having been identified by Grabau, most of them being new and of Devonic 
affinities. The fauna unites the Anderdon and Lucas elements to a certain 
degree. Panenka canadensis Whiteaves, though not absolutely restricted to it, 
is its most characteristic fossil, and may serve to name the zone. The genus 
Heliophrentis Grabau is further characteristic and distinctive, while Schuch- 
ertella interstriata links it with the Bullhead (Akron) dolomite of western 
New York, this and the Cobleskill being its eastern extension. Stropheo- 
dontas of Deyvonie aspect further characterize the faunz. In common with 
the Anderdon, it has an abundance of Conocardiwnm monroense Grabau, 
which is the zone fossil of the two formations combined. The Spiriferoid 
genus, Prosserella Grabau, has species in the three upper members of the 
Upper Monroe to which it is restricted (Prosserella horizon). 
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d. The Lucas dolomite—This name was proposed by Prosser in 1903 for 
the upper dolomites so well exposed in Lucas county, Ohio. Here they mostly 
rest directly on the Sylvania, the other beds being cut out by overlap. 
The fauna is rich and peculiar, European types of gastropods predominating. 
The genus Acanthonema Grabau, though represented in the Amherstburg, is 
most characteristic, and the faunal zone may be designated the Acanthonema 
zone. Its thickness varies up to 200 feet or over. Cylindrohelium profundum 
is restricted to it, and may be regarded as another good zone fossil. 


PROPOSED CLASSIFICATION 


The proposed classification in tabular form is as follows: 


(4. Lucas dolomite (Prosser). (Zone of Cylindrohelium profundumand Acan- 


gage Monae thonema.) 
Detroit River Series } & Amherstburg dolomite (Sherzer and Grabau). (Zone of Panenka cana- 
densis. 
DED S., znd G:) | b. Anderdon limestone (Nattress). (Zone of Idiostroma nattresii.) 
Zone ot a. Flat rock (Lane, Prosser, Sherzer, and Grabau). Zone of Syringopora 
Prosserella. l paoreae 
cooceete! eeeedessettevseestences) DISCONTOrMiby. 
Middle Monroe ........ Sylvania sandstone. 
PeOCOC CE EECCLERRSAUERECCCHRAEECO Disconformity. 


Whitfieldella prosseri.) 
c. Put-in- ne dolomite (Lane, Prosser, Sherzer, and Grabau). (Zone of 
(L., P., S., and G.) Goniophora dubia) 
Zone of b. Tymochtee beds (N. H. Winchell). 3 
Leperditia. L¢. Greenfield dolomite (Grabau). (Zone of Schuchertella hydraulica.) 


Lower sMontoR d, Raisin river dolomite (Lane, Prosser, Sherzer, and Grabau). (Zone of 
Bass Telanae Series 
| 


The papers were discussed by A. C. Lawson, A. P. Coleman, A. M. 
Miller, H. M. Ami, I. C. White, and A. C. Lane. 


The concluding paper of the afternoon was 


STRUCTURE AND STRATIGRAPHY OF THE OUACHITA ORDOVICIAN ARBA, 
ARKANSAS 


BY A. H. PURDUE 
[Abstract] 


The area herein considered lies in the western central part of Arkansas. It 
is one of two Ordovician areas within the state, the other occurring in the 
northern part and being the southern extension of the Cambro-Ordovician area 
of Missouri. Between the two areas there is a large structural trough occu- 
pied by rocks of Lower and Upper Carboniferous age, and containing the 
Arkansas valley. 

The area is mountainous and is occupied by parallel east-west ridges. These 
ridges have steep, rocky slopes and inclose narrow valleys. Many of them 
reach from 1,800 to 2,000 feet above sea-level, or from 800 to 1,000 feet above 
stream level. Through them occur numerous water-gaps formed by the south- 
ward flowing streams. 

The general structure is that of an anticline with an east-west axis. This 
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is spoken of in the geological reports of Arkansas as the Ouachita anticline. 
On either limb of the anticline the structure is exceedingly complicated, con- 
sisting of minor symmetrical anticlines, and overturned, closely compressed 
anticlines and synclines. Thrust faulting is common, parallel with the folds. 
Scarcely two of the ridges have the same structure, and that of any ridge is 
liable to change within short distances. 

The rocks of the area are sandstone, shale, some limestone, chert, and 
novaculite. At least eight different formations are recognized. These are here 
tentatively named, beginning with the lowest, Collier shale, Crystal Mountain 
sandstone, Caddo shale, Big Fork chert, Polk Creek shale, Blaylock sandstone, 
Slatington shale, and Missouri Mountain formation (novaculite, sandstone, and 
shale). 

The rocks of the area have been determined by the geological survey of 
Arkansas as of Ordivician age, from the graptolites that occur profusely at 
two horizons. There is apparently a marked unconformity at the top of the 
Blaylock sandstone. As the graptolite horizons noted by the present writer are 
below this, the possibility of the Slatington shale and the Missouri formation 
being of Silurian age presents itself. These formations have so far proved 
unproductive of fossils. 


This paper was discussed by A. C. Lane and G. K. Gilbert. 


Soon after 5 o’clock the Society adjourned, and at 7.30 met again in 
the dining-room of the Hotel Alvarado for its annual dinner, which was 
enjoyed by thirty-seven persons, including a few of the prominent edu- 
eators of the territory. 


SESSION OF TUESDAY, DECEMBER 31, 1907. 


The Society convened at 9.10 a. m., with President Van Hise in the 
chair. ‘Phe report of a committee favoring the establishment of a series 
of stations for the study of volcanic and seismic phenomena was adopted. 
The consideration of an overture on the formation of a Committee on 
Geological Nomenclature was deferred to the end of the session. The 
report of the Council was accepted and ordered printed in the Proceed- 
ings, and the auditing committee was continued and given leave to report 
to the Council after the adjournment of the Society. The Society then 
proceeded with the reading of papers, the first two being presented to- 
gether by Professor J. E. Wolff. They were 


NOTES ON THE CRAZY MOUNTAINS, MONTANA 
BY JOHN E. WOLFF 
[Abstract] 


The Crazy mountains were visited by the author in 1883 and 1889, and a 
paper on their geology was published in the Proceedings in 1892. Last sum- 
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mer, with Dr G. R. Mansfield and Mr H. E. Merwin, a review was made of 
their physiographic and geologic features, and some three» hundred photo- 
graphs were obtained, dealing with points of especial interest. One small 
glacier was discovered and visited, and another, not so readily accessible, was 
noted; the relative age of the granite-diorite stocks and of alkali-syenite was 
found and minor points determined. After a review of the geology of the 
mountains and of their special features, the results of last summer’s work 
were described and the whole illustrated by a small selection of lantern slides. 
The accompanying paper, by Doctor Mansfield, was included in Professor 
Wolff's presentation : 


GLACIATION IN THE CRAZY MOUNTAINS OF MONTANA} 


BY GEORGE ROGERS MANSFIELD 


Contents 

i Page 

Introduction: sc. 6 states, caspetecs die vewie woe cece ten eles eyetnin ola euees Se towaiiells australe) shemeer: renee eReIeaeES 558 
Character of glaciation...... ne ene MO cri ois om oe CoC choica none Guctand ros 560 
Number: and idimensionssofeslaciers same ee eet eta eee ene ene ee 560 
Mivin'e welacrersimerteletercick-serehe a Onna n ann Snes nnn neon tern eecrnn a nico 561 
JOR KM Ee THICKOUNMO METS A ogodo COO GUO RO OOH oD Dorothedescodddoceooscrae Acco 562 
Cirques ‘and! hanging, valleys csi ocnceane etene nickel eeereneeee tein eh repens eee neon eer re 562 
Troughs eee eee Boe ts tah coe Sr ae Sa ee Ge ig ee ened 562 
Strix: and’ depth.of cuttings... 3). a5 ce eoieal = een eee nee Oe 563 
Moraines and > wash depositsi7c. scram sce ireecem tated ee RO eters Ae Renors Seon 563 
Lrakele ts: scc.sc Shegevane i hc hevessucne ape gesctincy Seausge apa Seeds re Petrie Oneness eke aeteee 563 
Relations, to previous Mtoposralphiy ae crcvie cern y ener einer eee eee ee 564 
Peneplana tion 4). sss cahciesci- foe cheer oe spews) ea eee Shee aa ear ar 564 
542452) eran cic oeinta Deoeioa eer cha OIC OES Rico oo cao cocoa oodo an DB OO6 564 
Alternative hypotheses: sco0 ie ece sense she eto oe he ROT ct eRe neon 565 
AGVENE. OL LOGs oc, Sees pe ais eh ae ee SNCs ve SEEN ce SHI OPE TOS oe ee os 565 
Duration! of sclackabioms ees 25s, ayer cece ase Pa) Mek tticek oes ae oeaites a eae elite netted Retna arene 565 
ROSCOE CHINO Gio Uo Sa ducoos sus segue ua benseobgcabonudesancbedesneasssos 566 
SUI TY sia Sc tae Syncs ae Sa olize s acess actpinlts a) Sl ace ate ote pelbei sy aae Pale te cos eens ise cel eee eee Beatie aces 566 

INTRODUCTION 


The Crazy mountains (figure 1) occupy a somewhat oval area in central 
Montana, about 40 miles long from north to south, and 15 to 20 miles wide, 
The middle portion is approximately 46 degrees 10 minutes north latitude and 
110 degrees 20 minutes west longitude. The mountains are divided by the 
broad basin of the Shields river into two practically separate sections—the 
north and the south—although there is a narrow connecting ridge along the 
east side. The two areas thus determined constitute distinct units, both topo- 
graphically and geologically, and each has an approximately radial system of 
drainage. The northern section rises to a maximum altitude of about 9,200 
feet, and is marked by gentle outlines in its upper slopes. The southern sec- 
tion, which occupies a larger territory, reaches a maximum height of 11,178 
feet above the sea, and is very rugged. . 

In the summer of 1907 the writer, in conjunction with Professor J. E. Wolff, 
conducted a geological field party from the Harvard Summer School through 
these mountains. After the close of the school he assisted Professor Wolff in 


1 Introduced by John E. Wolff, 
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: Ficurn 1.—Map of a Portion of the Crazy Mountains Area. 
From the Little Belt and Livingston quadrangles of the U, 8, Geological Survey, 
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the latter’s study and revision of the geology of the region, the completion of 
investigations begun some years earlier. Mr H. BE. Merwin also .accompanied 
Professor Wolff as assistant, and was associated with the writer in much of 
the latter's work on the glacial features of the mountains. 

Previous accounts of the Crazy mountains have given little attention to the 
glaciation of the region. A brief general statement is made in one of Pro- 
fessor Wolft’s papers,’ and mention of glacial action is made in the Livingston 
and Little Belt Folios, United States Geological Survey, by Messrs Iddings, 
Weed, and Pirsson, who mapped some of the glacial deposits. Mr J. H. Ropes, 
who accompanied Professor Wolff on one of his earlier expeditions, studied the 
effects of glaciation in these mountains, but his unpublished report is not now 
available. 

In the expedition of 1907, members of the party visited each of the main 
canyons and many of the smaller ones. Some of the larger branches of the 
main canyons were followed to their very heads, and studied in detail, but 
others were observed more distantly, from ridges or peaks that afforded good 
views into the heads of the major and minor canyons. 


CHARACTER OF GLACIATION 


The continental ice-sheets, which invaded northern Montana, did not extend 
to the Crazy mountains. The terminal moraine, according to recent studies,” 
passes. near Great falls and along the north side of the Highwood mountains ~ 
60 or 80 miles to the north, and stretches away eastward 50 or 60 miles north 
of the latitude of the Crazy mountains to the border of the state. These 
mountains were, however, locally glaciated and contain numerous examples 
of the cliff and valley types, and even two or three piedmont glaciers. 


NUMBER AND DIMENSIONS OF GLACIERS 


All the valleys that head well up in the mountains formerly supported 
glaciers, large or small. In many cases these were comparable in size to the 
Swiss glaciers of today. The largest were on the south and east sides of the 
mountains. Cottonwood (Pine) creek* on the southwest and Big Timber, 
Sweetgrass, American Fork, and Big Hlk creeks on the southeast and east 
must have had glaciers approximating 10 to 18 miles in length, as indicated by 
the position of morainic deposits. 

The glaciers of Sweetgrass and American Fork creeks on the east side of 
the mountains apparently combined to form a piedmont glacier that had an 
irregularly oval outline, approximately 7 or 8 miles in length from northwest 
to southeast, and 3 or 4 miles in width, according to the morainic deposits 
mapped by Messrs Weed and Pirsson.* There seems to have been also a 
smaller piedmont glacier produced by glaciers from the south fork of Big Tim- 


1The Geology of the Crazy mountains, Montana. Bulletin of the Geological Society of 
America, vol. 3, 1892, pp. 445-452. 

2H. H. H. Calhoun: The Montana lobe of the Keewatin ice-sheet. Professional Paper 
no. 50, U. S. Geological Survey, 1906. 

3 Names in parentheses are those given on the topographic map, when the latter differ 
from those locally used. 

4 Little Belt folio, U, S, Geological Survey. 
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FIGURE 1.—GLACIER AT THE JIEAD oF Bic TIMBER CREEK 


Photograph by H. BE. Merwin 


FIGURE 2.—CIRQUE AND LAKELET AT THE HEAD OF SWAMP CREEK 
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ber creek and Swamp creek, for moraines from these canyons overspread their 
valley sides and combine. Possibly the north fork of Big Timber may have 
contributed to this piedmont sheet, but the region between the two forks of 
Big Timber was not studied. 

In his previous report on the Crazy mountains Professor Wolff estimates the 
elevation of strize as 500 or even 1,000 feet above the present: stream beds.® 
The observations of the present writer confirm that estimate. The elevation 
of strive, the height of cliffed slopes along the edges of glacial troughs, and the 
altitude at which side troughs now hang above the main trough floors go to 
show that the main glaciers must have had a thickness of between 500 and 
1,000 feet. 


LiviIne GLACIERS 


Glaciation in the Crazy mountains is not yet extinct. At the head of the 
west branch of the north fork of Big Timber creek, facing to the northeast, 
there is a small cliff glacier at an altitude of 9,000 to 9,500 feet. The length 
of the glacier, including its snow field, is probably not more than an eighth of 
a mile, while its width is about one-fourth of a mile, giving an area of about 
20 acres. This glacierlet was discovered by the Harvard Summer School party 
on July 31, 1907. The failure of previous observers to note its true character 
was doubtless due to the fact that it is generally covered with light snow that 
effectually conceals its structure. The general features of the glacier are 
shown in plate 35, figure 1. In the midst of what appears to be an ordinary 
snow patch is seen a mass of dirty ice, showing distinct banding and con- 
tortion with shearing. Miniature crevasses, extending obliquely backward 
from near the east side, show the characteristic greenish blue color of glacier 
ice. The morainic material seen in the foreground of plate 35, figure J, lies 
at least in part upon dirty, banded ice. The convex front of the ice changes 
gradually into the concave surface of the snow field, and, at the back of the 
latter, cracks in several places indicate the presence of the bergschrund. The 
walls of the enclosing cirque rise sheer 500 to 700 feet to the ridges and peaks 
above. The melting snow and ice drains into a lakelet on the floor of the 
trough below. A recent letter from Mr E. C. Russell, forest supervisor at Liv- 
ingston, Montana, states that in September of this year large blocks of ice, 
that had broken off the glacier, had fallen into this lakelet. 

Near the head of the south branch of the south fork of Sweetgrass canyon, 
where it heads against the east fork of Cottonwood (Pine) creek, there is a 
large snowfield that is believed by the writer to conceal another small glacier. 
This snowfield lies at an altitude of nearly 10,000 feet and faces northeast. 
It was not visited by the party, but, seen from a distance, it presents the same 
conyexo-coneayve slope noted in the case of Big Timber glacier. Several cracks 
were observed at the head of the snowfield, and an obscure oblique structure 
running downward from west to east was noted in the snow, as if the latter 
only partly concealed banded ice. No other snow patches seen displayed such 
characteristics, save only that containing the Big Timber glacier. 

A third glacierlet in the head of Rock creek is reported by Forest Assistant 
R. B. Wilson in an unpublished manuscript. He does not specify the position 
of this glacier except by general reference. The creek has two well defined 


5 Op. cit., p. 446. 
LI—Bu.Lt. Grou. Soc. AM,. Vou. 19, 1907 
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branches, the north and the east. It is probable that the latter contains the 
glacier, for Professor Wolff and Mr Merwin, who examined the north branch, 
found no evidence of it in that canyon. The east branch was not visited by 
the party. 


EFFECTS OF GLACIATION 


CIRQUES AND HANGING VALLEYS 


All the higher valleys in both sections of the mountains have cirques at 
their heads. The steep or precipitous walls are usually well marked, but often 
later accumulations of slide rock have modified to some extent the earlier out- 
lines. In the northern section of the mountains cirques occur mainly in the 
region of Loco mountain, the highest summit, where they cut sharply into the 
gentle, ancient topography of the mountain. In the southern section cirques 
occur throughout the area above the foothills, and, where adjacent cirques 
worked backward on opposite sides of divides, sharp arrétes have been pro- 
duced. Two-story cirques occur in a number of places, fine examples having 
been observed near the supposed glacier in Sweetgrass canyon and in the north 
fork of Rock creek. Plate 35, figure 2, shows a beautiful cirque, with lakelet 
at the head of the north branch of the south fork of Swamp creek. 

Hanging valleys may be seen on the sides of the larger canyons. Good ex- 
amples occur in the canyons of Big Timber, Sweetgrass, and Rock creeks. 
Plates 36 and 37, figure 1, show hanging valleys in Rock canyon and Big 
Timber canyon respectively. In each case the upper valley hangs at least 600 
feet above the main trough floor. In plate 37, figure 1, the hanging valley 
on the south side (left of picture) consists really of at least four shallow 
troughs, each separated from its neighbor by a low rock ridge, and each repre- 
senting the outflow from a separate cirque. Near the rim these subordinate 
troughs unite, and send their drainage out through a branching stream that 
leaps in a double series of small cascades to the floor of the main valley below. 
Two other subordinate notches occur in the rim, but these contain no streams. 
Apparently the combined output of ice from the several cirques was insuffi- 
cient in quantity, and worked for too brief a time to efface the low boundary 
ridges of the minor troughs, so that, while the surfaces of the contributing ice 
streams doubtless joined, the streams themselves were enabled to maintain 
their individuality almost to the very rim. 


TROUGHS 


The lower canyons have broad, flaring, trough-like cross-sections, and the 
trough constitutes nearly all, or, indeed, the entire valley (see plate 37, figure 
2). In the upper canyons, where the hard rocky core of the high mountains 
is penetrated, the troughs form a much smaller proportion of the valleys, and 
the latter appear rather broadly V-shaped. In plate 37, figure 1, the main 
valley of Big Timber creek is seen to have long slopes of normal erosion above 
the top of the glacial trough. This relation seems to hold throughout the 
higher parts of the mountains. The valleys are in the main rather straight, 
and the spurs that would normally enter from the side have been cut back. 
This truncation is not, however, limited to the slopes included within the 
troughs, but extends as well to the upper slopes that have not been glaciated. 
Thus the glacial troughs seem to have been formed in valleys that had already 
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HANGING VALLEY OF EAST FORK OF ROCK CREEK, MONTANA 


Photograph by H. BE. Merwin 
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FIGURE 1.—NortH ForRK or BiG TIMBER CANYON 


View looking west from a point 5 or 6 miles east of the head and showing hanging valley 
and glacial trough. Photograph by J. E. Wolff 


FIGURE 2.—BiG TIMBER CANYON 


View eastward from a point 3 miles below the head, showing trough-like lower canyon 
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been broadly opened and straightened by normal erosion, so that ice action has 
not greatly modified them. 


STRIA@ AND DEPTH OF CUTTING 


Strize are found only in the upper parts of the larger canyons, in the region 
of the hard rocks of the igneous cores and contact zones of the mountains. 
Elsewhere the rocks have weathered sufficiently to remove or conceal the ice 
markings. Even in the region where the rocks are hard, slide rock and mo- 
rainie material mask the glaciated surfaces so that actual striations are not 
frequently seen. Well developed roches moutonées were, however, studied in 
Big Timber and Sweetgrass canyons and more distantly observed in other can- 
yons. The directions of all strize seen agreed with the general trends of the 
valleys in which they were found. The presence of striz indicates that the 
original valleys have been deepened by the ice to some extent at least. Out- 
side the hard rock area the canyons have doubtless been more deeply eroded, 
and then partly filled with glacial and fluviatile material. The general depth 
of the filling is not known, since most of the streams have not yet succeeded 
in cutting through it. In Cottonwood (Pine) canyon, however, about 3 miles 
below the junction of the north and east forks, the stream has reached bed- 
rock through 10 to 15 feet of till, which thins out down stream and grades into 
water-worn material. 


MORAINES AND WASH DEPOSITS 


Moraines are found in the lower parts of the larger canyons, but are usually 
not well defined toward their heads. Accumulations of slide rock, which occur 
almost everywhere, have mingled with and obscured the morainic materials of 
the upper valleys. Some moraines occur on the western side of the mountains, 
on the benches sloping northwestward to the Shields River basin, but the 
heaviest deposits are those previously mentioned in connection with the an- 
cient piedmont glaciers on the east side. Small lateral moraines occur in 
some of the canyons. The best examples were seen at the heads of Sweetgrass 
and American Fork creeks. In many of the cirques little moraine-like humps of 
slide rock have accumulated about the base of the back and side slopes, as if 
loose pieces of rock had fallen on the surfaces of the snow patches that occupy 
the cirques, and had been deposited in irregular heaps when the snow melted 
away. 

Within the area visited by the party there was very little fluvio-glacial ma- 
terial. Doubtless most of such debris had been deposited farther down in the 
valleys. In one place, however, a fine section of stratified sands and clays was 
found, namely, in the valley of the east fork of Duck (Gage) creek, about 
5 miles south-southwest of Fairview peak. 


LAKELETS 


Numerous lakelets occupy rock basins in the cirques and higher valleys. 
They are seldom more than 200 or 300 yards in diameter. Sometimes they 
occur in strings of three or four. They are mostly found in the canyons of 
streams that flow eastward and southeastward from the mountains, though a 
few are found in some of the west-flowing creeks. From the summit of Crazy 
peak one of the members of the party counted 18 of these lakelets, several of 
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them partly or wholly ice-covered. One of the most beautiful examples is 
shown in plate 35, figure 2. 

Other lakelets or moist hollows-occur among the morainic deposits in the 
lower canyons or on the foot slopes of the mountains, particularly in the vicin- 
ity of Sweetgrass and American Fork creeks. A steep-sided lake of this kind 
near Swamp creek was estimated to be one-fourth of a mile in length. 

The largest lake in the Crazy mountains, known as Cottonwood (Forest) 
lake, in the northern section, owes its being to an obstruction of loose porphy- 
ritic blocks, that is probably morainic, though other signs of glaciation in the 
valley in which it occurs are not very distinct. The linear form and fairly 
regular outline of the lake are favorable to this view, though the valley is not 
very trough-like in character, has no cirques at its head or along its sides, and 
has no other well defined morainic deposits. 

The alternative view that the obstruction is simply a pile of fragments of a 
hard dike or sheet weathered in sitw is not supported by evidence of the con- 
tinuation of such dike or sheet on the sides of the valley. The porphyritic 
masses appear to be all of the same kind, but might have come from similar 
rocks up valley. 


RELATIONS TO PREVIOUS TOPOGRAPHY 


PENEPLANATION 


Reference has been made to the gentle outlines of the upper topography of 
the northern section of the mountains. Loco mountain, the main massif of 
that region, has a nearly flat top 3 or 4 miles long and 1 or 2 miles wide at an 
altitude of 9,000 feet. A small knoll rising 200 feet above the general level 
forms Loco peak, the highest summit. The gentle outlines here mentioned 
have been produced upon both sedimentary and igneous rocks, regardless of 
structure, and represent an ancient surface of erosion. This is now deeply 
eut by the later cirques and canyons, but down the main divides one may 
follow the older topography with moderate grade to the gentle foot slopes, 
remnants of which now form the beautiful benches that slope away from the 
mountains at an angle of about 5 degrees, 100 feet or more above the present 
stream valleys. 

In the southern section the altitudes are greater and the general topography 
more rugged, but many of the ridges rise to fairly accordant levels, and here 
and there small remnants of a flat surface occur at an altitude of about 10,000 
feet. The main divides descend to gently sloping benches as in the north- 
ern section. The truncation of widely different rocks and structures by the 
older topography of mountain and bench land shows that the region was for- 
merly subjected to extended erosion, sufficient to produce an early stage of 
peneplanation. ‘The superior hardness of the central cores of the mountains 
permitted the latter to retain subdued mountainous relief, for the summits 
now lie 3,000 to 4,000 feet above the upper limits of the benches. 


REVIVAL 


After peneplanation the region was revived. Two well defined sets of rock 
benches, lower than the ones already described, show that there were at least 
two periods of erosion before the present one. The earlier of these appears 
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to have reached a late mature stage, while the later one was somewhat less 
advanced. The present deep canyons were probably excavated and broadened 
and the lateral spurs cut back during these periods of erosion. The evidence 
of these two later cycles is less well marked within the mountains than in the 
bench land outside. In Sweetgrass canyon, however, just inside the contact 
zone, the rocks are very hard and the canyon boxes. The walls at this point 
are divided into four minor slopes, with noticeable breaks in grade between 
successive portions. The uppermost set of slopes indicates a relatively broad 
and open valley with gently sloping concave sides. The two next lower sets 
are smoothed and somewhat concayed. The lowest slopes descend steeply to 
the present stream bed. The uppermost set of the slopes here indicated ap- 
pears to represent an earlier, broadly opened valley of the ancient topography, 
while the three lower sets represent respectively the two later erosion stages 
and the present cycle. The trough-like appearance of the head of Big Timber 
canyon (plate 37, figure 1) is very likely due merely to glacial modification 
of the yalley of the second of the later cycles, while the upper slopes represent 
the first, the more ancient topography having been obliterated in that region. 


ALTERNATIVH HYPOTHESES 


The alternative hypothesis, that the benches and slopes mentioned do not 
represent revival, but merely differential erosion in rocks of varying hardness, 
does not find support in the case of the Sweetgrass locality just cited, for the 
slopes are cut in hard igneous rocks that have practically uniform vertical 
distribution. The benches, too, are very distinct in many localities rather 
widely separated, and differing in geological horizon and structure, yet they 
seem to maintain fairly constant relations to each other. 

The hypothesis that the benches are merely alluvial terraces is not sup- 
ported by the facts. The benches are only thinly covered by gravels. Near 
their tops exposures of bed rock occur in the later ravines. The forms in 
question are true rock benches due to revival by uplift, which must have been 
sufficiently extended to include the area observed. 


ADVENT OF ICE 


Morainie material lies on the uppermost benches, and also at lower levels 
within the lower canyons, but in the latter case it is not certain whether the 
glacial deposits rest on rock benches or simply represent morainic fillings. In 
the Sweetgrass gateway above described, however, the two intermediate sets of 
slopes have been glaciated, while the lowest is not striateu and appears to be 
post-Glacial. Hence it seems probable that occupation by ice succeeded the 
second of the later cycles of erosion. 


DURATION OF GLACIATION 


It has been shown that in the lower canyons the trough form includes nearly 
or quite the entire valley, and that in the bench lands the ice at times even 
overspread the valley walls. In the upper canyons, however, the troughs form 
much less conspicuous parts of the valleys. Slopes of normal erosion extend 
2,000 to 3,000 feet above the tops of the troughs. Though the divides are gen- 
erally sharp, they are more frequently the product of normal erosion than of 
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the development of cirques. When due to the latter cause the opposing slopes 
of the divide become precipitous and sharp arrétes are formed. 

The hanging valleys in Big Timber canyon and elsewhere indicate a consid- 
erable amount of glacial erosion, at least locally, but the relatively narrow 
gateway in Sweetgrass canyon does not show much modification by ice action. 
The rocks both within and without the contact zone of the sediments with the 
eruptives are weaker than those of that zone, so that the canyons broaden 
both above and below that region. The contact zone would thus mark a belt 
of minimum deepening, which at the time of occupation by glaciers was prob- 
ably the site of ice falls, as it now is of cascades. Above this zone the max- 
imum deepening, as indicated by the hanging valley in Big Timber, may have 
been as much as 300 or even 500 feet. Below this zone the maximum deepen- 
ing may have equalled or even exceeded that figure; the streams have not yet 
penetrated the glacial filling. But the additional depth of 300 or 500 feet 
produced by glacial action in a canyon where the sides rise 2,000 or 3,000 feet 
above the valley floor, cannot be regarded as a very extensive modification of 
pre-Glacial form. 

The topographic features of the Crazy mountains thus seem to be mainly 
pre-Glacial. The ice remained long enough to deepen and modify the form of 
existing valleys and to develop the cirques and arrétes so common in the 
higher mountains. 


POST-GLACIAL HROSION 


At the heads of the canyons the streams are cutting new gorges for them- 
selves beneath the old trough floors. These are still so immature that the 
rims of the hanging valleys are barely notched by them as they leap in cas- 
cades to the valley floors below. The glacial lakelets are for the most part 
unfilled and undrained. In the north branches of the east fork of Cottonwood 
(Pine) creek, sharply cut V-shaped gorges were observed in the fillings of the 
glacial valleys, but these gorges had not penetrated the filling, which was 100 
feet or more in thickness, and had not reached grade. In the hard rocks of 
the contact zone, cascades have developed and some incision has been accom- 
plished, while in glacial fillings below this “fall line” the streams have 
reached grade, without cutting through the filling, and rush along through 
stony flood plains. In the lower canyons of some of the larger creeks, such as 
Cottonwood (Pine) and Sweetgrass, the streams have cut into the bed rock 
and developed gorges 100 feet or more in depth. In Sweetgrass creek a beau- 
tiful meander belt has been established, for a distance of about 3 miles, in the 
weak rocks near the lower end of the canyon. 

Within the area affected by the glaciers post-Glacial erosion has accom- 
plished little in the way of readjustment of drainage. Indeed, the drainage 
may be said to be highly immature. Outside the glaciated area, however, ero- 
sion has progressed steadily from the glacial time to the present. The larger 
streams have developed broad fiood plains, such as those of the Shields river 
and the Yellowstone, and many of the smaller ones have reached grade. 


SUMMARY 


During the Glacial period the Crazy mountains were the seat of local glacia- 
tion. Cliff, valley, and piedmont glaciers were formed, the largest being on 
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the southeast and east sides of the mountains, where some attained a length 
of 10 to 18 miles and a thickness of 500 to 1,000 feet. Glaciation is not ex- 
tinct. A small cliff glacier occurs at the head of Big Timber canyon and an- 
other in Sweetgrass, while a third is reported at the head of Rock creek. 
Previous to glaciation the region had reached an early stage of peneplanation 
and had been revived in two partial cycles of erosion. Glaciation did not con- 
tinue long enough greatly to modify pre-existing topography, but did produce 
broad, deep troughs in the weaker rocks and arrétes in many of the sharp 
divides. Later stream erosion has incised the glacial deposits and, in some 
eases, the old trough floors. 


The papers were discussed by A. C. Lawson. 


The following papers were read by title: 


SHALER MOUNTAINS, UNALASKA, A GRANITE CORE TO THE ALEUTIAN 
ISLANDS 


BY T. A. JAGGAR, JR. 


GROWTH AND DESTRUCTION OF METCALF CONE, BOGOSLOFF ISLAND, 1906-7 


BY T. A. JAGGAR, JR. 
Then was read 
SANDIA MOUNTAINS 


BY W. G. TIGHT 


The following papers were then read by title: 


GEOLOGY OF THE ALASKA RANGE 


BY A. H. BROOKS 


PALEOZOIC AND ASSOCIATED ROCKS OF THE UPPER YUKON BASIN 
BY A. H. BROOKS AND E. M. KINDLE 
GHOLOGIC RECONNAISSANCE OF THE PORCUPINE VALLEY, ALASKA 


BY E. M. KINDLE 


The last two papers were published as pages 255-338 of this volume. 


The following paper was read by title: 


DISCOVERY OF FISH REMAINS IN ORDOVICIAN OF THE BLACK HILLS, SOUTH 
DAKOTA 


BY N. H. DARTON* 
[Abstract] 


Two years ago I announced to this Society the discovery of fish remains in 
the Ordoyician (Bighorn formation) of the Bighorn mountains, and gaye a 
résumé of our knowledge of the Ordovician of the Northwest.2, During the 


1 Published by permission of the Director of the U. S. Geological Survey. 
* Bulletin of the Geological Society of America, vol. 17, pp. 541-566, plates 73-79. 
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past summer I had occasion to extend my examination of the Ordovician of 
the Black Hills in South Dakota, and at one locality 15 miles northwest of 
Rapid I discovered fish remains similar to those previously reported from the 
Bighorn mountains and by Mr Walcott® in the region west of Canyon City, 
Colorado. The remains were submitted to Mr Walcott, and now await his 
report as to genera and species. Unfortunately it was practicable to obtain 
only a small mass of the fossil-bearing rock, but its stratigraphic position was 
evident. The precise locality was one mile north-northeast of Nemo post office, 
a small settlement on a branch railroad about half way between Deadwood and 
Rapid. It is on the northeastern slope of the general Black Hills uplift, where 
the rocks dip to the northeast at a low angle. 

The Ordovician in the Black hills is represented by a formation which has 
been designated the Whitewood limestone from typical exposures on White- 
wood ereek about 2 miles below Deadwood. The rock is hard, massive, some- 
what siliceous, and ordinarily of buff color with brownish spots or mottlings. 
It contains large endoceras, maclureas, and corals of Trenton age. Its thick- 
ness is 80 feet near Deadwood, but it thins rapidly to the south, and it is en- 
tirely absent in the latitude of Rapid. The location of the southern margin 
was not ascertained precisely, owing to talus which covers the slopes, but the 
limit of the main outcrop is several miles north of Nemo. ‘The limestone lies 
unconformably on Deadwood formation (Middle Cambrian), and is overlain 
by the Englewood limestone of the Mississippian division of the Carboniferous. 
Above and below it are thin bodies of green shales which yield no fossils, but 
are included in the overlying and underlying formations. The lower shale, 
and possibly also the upper one, extends south beyond the margin of the White- 
wood limestone, usually constituting a slope between a bench of the upper 
sandstone of the Deadwood and a cliff of the lowest limestone of the Carbon- 
iferous. It was on a slope of this character, northeast of Nemo, that I ob- 
tained the limestone fragment containing the fish remains. It probably repre- 
sents a very thin outlier of the Whitewood limestone lying on the green shale 
which here is regarded as the top member of the Deadwood formation. 


The next paper read was 
TOPAZ-BEARING RHYOLITH OF THE THOMAS RANGE, UTAH 


BY HORACE B. PATTON 


The paper has been published as pages 177-192 of this volume. 
The paper was discussed by G. K. Gilbert. 


The next two papers were read without break. 


STRATA CONTAINING THE JURASSIC FLORA OF OREGON 


BY J. S. DILLER 


LOCAL SILICIFICATION OF THE KNOXVILLE 


BY J. S. DILLER 


° Bulletin of the Geological Society of America, vol. 8, pp. 153-167. 
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The first of the two papers was published as pages 367-402 of this 
volume. 
The second paper was discussed by A. C. Lawson. 


On account of the special interest due to the excursion after the meet- 
ing to the Grand Canyon of the Colorado, the following paper was, in the 
absence of its author, read by C. W. Hayes: 


WIND EROSION IN THE PLATEAU COUNTRY 


BY WHITMAN CROSS 
This paper has been published as pages 53-62 of this volume. 


The next paper was read by title: 


ASSOCIATION OF PEGMATITE WITH HORNBLENDIC BORDER BEDS OF GRAN- 
ITE AND THE APPEARANCE OF LARGE ISOLATED MASSES OF 
THE TWO TOGETHER DEEP IN THE GROUND 


BY B. K. EMERSON 


The next paper was read by Mr. Louderback. It was 
BENITOITB: ITS MINERALOGY, PARAGHNESIS, AND GEOLOGICAL OCCURRENCE 
BY GEORGE D. LOUDERBACK AND W. C. BLASDALE 
[Abstract] 


Benitoite and the associated minerals were briefly described and chemical 
analyses presented. The paragenesis and geological mode of occurrence were 
discussed and compared with geologically related but mineralogically different 
deposits in the same geologic province. 


The paper was discussed by W. G. Tight. 


The next papers were read by title, as follows: 
IGNEOUS ROCKS OF THE ORTIZ MOUNTAINS 
BY IDA H. OGILVIE 


PRE-GLACIAL DRAINAGE IN CENTRAL WESTERN NEW YORK 


BY AMADEUS W. GRABAU 
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The next paper was read by title. It was 
GEOLOGIC PROCESSES AND GEOGRAPHIC PRODUCTS OF THE ARID REGION 


BY CHARLES R. KEYES 


[Abstract] 
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INTRODUCTORY 


The Albuquerque meeting of the Geological Society is in its history the first, 
I believe, ever held under conditions of an arid climate. Under such cirecum- 
stances attention is appropriately directed to certain features of the landscape 
about and to some of the peculiarities of the geologic operations producing 
them. In the normal humid climate some of these relief features would be 
ascribed to very different causes. Under conditions of aridity the geologic 
agencies at work modifying the facial expression of our globe operate in a 
manner so very different from what they do in a humid land that the effects 
can only be fully appreciated after long residence in a dry country. 

It is a remarkable fact that the arid regions have given us our two most 
comprehensive and important generalizations regarding the evolution of the 
geographic features of our earth. The first of these is, of course, the theory 
of the base-level of erosion, as first propounded by Powell, after his extensive 
explorations of the Great Basin region of western America. The second is the 
hypothesis of the complete leveling of elevated continental areas without base- 
leveling, as urged by Passarge, for the great interior plateau of South Africa. 
One principle develops the geographic cycle under conditions of normal humid- 
ity; the other, not less significant, is the foundation for the recognition of a 
distinet geographic cycle in a dry climate. 
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FIGURE 1.—PLAINS OF THE JORNADA DEL MUERTO, NEW MEXICO 


Worn out on beveled strata; distance to rim, 30 miles 


FIGURE 2.—FRANKLIN MOUNTAINS, NORTH OF EL PASO 


The tilled limestone layers of the Backslope are seen even at a distance of 10 miles, as in this view 


DEFLATIVE EFFECTS IN THE DESERT 
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RELATION OF NEw MEXICO TO ADJACENT ARID REGIONS 


All of New Mexico is commonly regarded as forming a part of the South- 
west desert. It is, however, peculiarly situated in that it lies at the meeting 
point of four great physiographic provinces of our continent. Their bounda- 
ries in New Mexico are outlined in the accompanying sketch-map (figure 1). 
These provinces are the Great plains, occupying the eastern part of the terri- 
tory east of the Pecos river; (2) the Rocky mountains, reaching southward 


Wiegurn 1.—Sketch Map of New Mewvico, showing Physiographic Provinces 


from Colorado in a long narrow tongue to the Glorietta pass; (3) the Mex- 
ican tableland, in the south-central part; and (4) the High Plateau province, 
including all of the northwest. 

These four geographic provinces as represented in New Mexico differ so 
widely from one another in general surface relief, geologic formation, geotec- 
tonic arrangement, drainage features, climatic conditions, soil character, plant 
growth, economic resources, and harmonious environment for human habita- 
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tion that the passage from one to another is very soon noted. In the present 
connection it is to be remembered that of the four provinces only the Mexican 
tableland and the High, or Colorado, plateau have typically arid climates; the 
Great Plains province represents semi-arid conditions; while the Rocky Moun- 
tains province possesses a semi-humid or humid climate. 

The special workings of the geological processes to which attention is soon 
directed are the extent, rapidity, and vigor with which eolian erosion or defia- 
tion goes on, the feebleness and infrequency of normal water-action, and the 
remarkable effects of sheetflood transportation. 

In the light of a distinct geographic cycle for an arid climate recently recog- 
nized, some of the most striking peculiarities of the region about us must be 
viewed quite differently from what they were before. Brief allusion is here* 
made to some of the most important and also to some of the best local exam- 
ples. The real significance of the commonest features now possess a new in- 
terest and their origin a new interpretation. 

It may be noted in passing that the Rio Grande valley does not exhibit most 
of these features in typical form, for the reason that this stream is not a char- 
acteristic desert drainage-way, but a great river snow-fed and flowing through 
to the sea. Although it receives no perennial tributaries for a distance of a 
thousand miles it is a typical humid-land stream, with high gradient and great 
corrading powers. The old original plains-level, or bolson surface, over which 
it once flowed, is 500 to 1,000 feet above the present channel. Throughout its 
entire course of 300 miles in New Mexico it receives only sporadic and torren- 
tial waters from the lofty mountains on either side. Nevertheless, in the 
neighborhood of Albuquerque illustrations of all of the phenomena mentioned 
are well displayed, and especial attention may appropriately be called thereto. 


CHARACTERISTIC GEOGRAPHIC FEATURES 


VASTNESS AND EVENNESS OF INTERMONT PLAINS 


Such plains as the Estancia plains, the Hueco bolson, and the Jornada del 
Muerto appear to owe their leading characteristics directly to the plains- 
forming effects of wind-action; and to be the immediate product of local 
desert-leveling without base-leveling. The last mentioned plain is, perhaps, as 
typical as any that could be named. ‘The view (plate 38, figure 1) shows an 
expanse of 30 miles in front of the highland rim in the background; the 
length of the plain is over 200 miles.* 


ISOLATION OF THE MOUNTAINS 


Ortiz laccolith, the Magdalena block, Sandia range, and Socorro voleano are 
examples. It is to be noted that this isolation is perfectly independent of 
mountain origin. With few exceptions, the mountains rise monadnock-like 
out of the even plains. The lofty and steep-sided Ortiz, Tuertos, and San 
Ysidro groups, to the east of Albuquerque, are separated only by five or six 
miles of flat valley-plains, yet preserve their characteristic isolation.2 The 
Franklin block, north of El Paso, finely displays this same characteristic (plate 
38, figure 2). 


| 1U. S. Geological Survey, Water Survey and Irrigation Paper no. 123, 1905. 
2 Journal of Geology, vol. xvi, 1908, pp. 434-451. 
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Figure 1.—Siprra Oscura, IN CENTRAL NEW Mpxico 


Range rises isle-like out of sea of earth; distance, 15 miles; height, 3,000 feet 


FIGURE 2. 


Socoro MOUNTAIN, New MEXICO 


Height, 2,000 feet 


ABSENCE OF FOOTHILLS IN DESERT RANGES 
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FIGURE 1.—CoyoTE RANGE, SOUTHERN ARIZONA 


Characteristic sharp meeting of mountain and plain 


FIGURE 2.—CRETACIC SANDSTONES NEAR LOS CERRILLOS, NEW MEXICO 


Plain beveling tilted strata 


TWO DESTRUCTIVE DESERT FEATURES 
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COMPLETE ENCIRCLEMENT OF MOUNTAINS BY PLAINS 


The mountains everywhere rise abruptly out of the plains, as do volcanic 
isles out of the sea. The Jemez, Florida, Caballos, and Oscura ranges, which 
finely display this feature, are only typical of the large majority of the moun- 
tains of the southwest.* The view of the last mentioned range is from a point 
on the Jornada del Muerto, 15 miles distant (plate 39, figure 1). 


CHARACTERISTIC ABSENCE OF FOOTHILLS 


This is one of the most surprising features of the arid region. One leaves 
plain and plunges by way of deep canyon at once into heart of mountain. 
There are no foothills about the Sandias. The Tijeras is a narrow and pro- 
found canyon until it meets the plain.* The Socorro mountain well illustrates 
this feature (plate 39, figure 2). A still more characteristic view, shown in 
plate 40, figure 1, is from a photograph by W J McGee of the Coyote range of 
southern Arizona, rising over 3,000 feet above the plain. 


RESISTANT CHARACTER OF MOUNTAIN ROCKS 


Independent of the origin and original rock-makeup of the mountains it is 
Significant that it is the most resistant rocks which form them. The Sandia 
block is chiefly ancient erystallines and hard Carbonic limestones; the Ortiz 
group is mainly mica-andesite, which was originally covered by great thick- 
nesses of Cretacic sandstones; Socorro mountain is made up of Tertiary lava 
flows. All of these mountains are essentially arid monadnocks rising above 
the plains. 


SOFT SUBSTRUCTURE OF THH PLAINS 


The Las Vegas plains are worn out on the soft Colorado shales; the Estancia 
plains have a substructure of friable Cretacic sandstones and shales; the old 
bolsons of the present Rio Grande valley above and below Albuquerque are 
floored by Early Tertiary deposits. 


BEVELED ROCK-STRUCTURD OF PLAINS 


In the valley of the Rio Galisteo, north and east of Albuquerque, and near 
the town of Los Cerrillos, the plains-surface is clearly shown in the field to 
bevel the rock-structure (plate 40, figure 2). The Jornada also displays the 
Same phenomenon,’ as does the Chupadera mesa to the east of the Jornada. 
The Rio Grande valley near Socorro gives many evidences of the old beveled 
rock-floor. 


PLAINS CHARACTER OF THE ROCK-FLOOR ITSELF 


In the valleys of La Jara and Arroyo San Pedro, east of the Sandia range, 
the surface of the rock-floor is exposed for distances of many miles. TEvery- 
where the rock-floor is seen to be an even surface independent of the surface 
deposits.® 


3 Journal of Geology, vol. xiii, 1905, pp. 63-70. 

4Bulletin of the Geological Society of America, vol. 12, 1901, pp. 217-270. 
°U. S. Geological Survey, Water Supply and Irrigation Paper no. 123, 1905. 
° Engineering and Mining Journal, vol, Ixviii, 1904, pp. 670-671. 


5T4 PROCEEDINGS OF THE ALBUQUERQUE MEETING 


REPRESENTATION OF FORMER PLAINS-LEVELS BY THE PLATEAU PLAINS 


Mesas, or plateau plains, are one of the most characteristic features of the 
New Mexican arid region, and they are usually due to protective eaps of old 
lavas which flowed out on the plains when the latter were at a higher level 
than at the present time. For the most part they may be, therefore, regarded 
as representing former levels of either general or local planation. Thus wind 
and water are very much alike in some of their general leveling effects (plate 
41, figure 1) from photograph by U. S. Geological Survey. 


NORMAL TORRENTIAL ACTION OF WATER IN THE MOUNTAINS 


In the higher mountains of the arid region the torrential effects of water are 
not very different from what they are in the more humid regions. Whatever 
the effects of wind erosion there are they are largely obscured by the excep- 
tionally heavy precipitation. The Tijeras creek and the Rio Galisteo are good 
examples. 


FREQUENT OCCUPATION OF PLAINS BY LAKES 


Intermont plains often contain somewhere within their boundaries lakes, 
playas, and salinas, the waters of which are quite ephemeral in character. 
Many, and perhaps all, of these shallow lake-basins. are hollowed out of the 
plains-floor by the wind. Laguna del Perro, and other lakelets of the Estancia 
plains (plate 41, figure 2), the gypsum sands district of the Hueco bolson 
and the Playa de los Pinos are typical. 


MARKED ABSENCE OF ROCK-WEATHERING 


The extent, rapidity, and character of rock-decomposition such as takes 
place in the humid regions is in the arid country almost unknown. Rocks of 
all kinds exhibit little or no weathering. Their surfaces are characterized by 
their wonderful freshness. This feature is best shown in the huge igneous 
masses of the Cerrillos hills. 


REMARKABLE THINNDSS OF SURFACE MANTLE 


The loam and débris covering the plains is unexpectedly thin, usually occur- 
ring only as a veneer. This is typically displayed along the Rio Galisteo and 
the Arroyo San Pedro east of the Sandia range. (See plate 40, figure 2, from 
photograph by D. W. Johnson.) The Sonoran plains, described by McGee,’ 
further attest the general prevalency of the phenomenon. 

Sih Z| Fy 
a: : ‘| ; : TRANSPORTED NATURD OF THD SURFACH MATERIALS 

All of the finer detritus is manifestly far removed from its original location. 
It appears to be a very rare occurrence for the surface materials of the plains 
to give any suggestion of the rock-composition beneath. The mesa above Albu- 
querque illustrates the point. 


GRAVELLY CHARACTER OF SURFACE DEPOSITS LARGELY ONLY APPARENT 


Predominance of gravels on the surface of the plains is illusory. The man- 
tle is mainly loamy. It is not generally recognized that the great abundance 


7 Bulletin of the Geological Society of America, vol. 8, 1897, p. 91. 
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Hieurm 1.—PLArTEAu PLAIN NEAR ZUNI, New Mexico 


Basalt capped mesa, 600 feet above plain 


FIGURE 2.—VWIND-SCOURED LAKE BASINS OF ESTANCIA PLAINS, NEW Mrxico 


CONTRASTS OF DEFLATIVE EROSION 
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of pebbles on the surface is due principally to the fact that the wind blows 
away the finer materials. Most of the grayel-surfaced mesas when upturned 
by the plow give excellent loamy fields. The most notable examples on an 
extensive scale are shown in the Estancia valley. 


TENDENCY OF MANTLH TO MAKD THE PLAINS EVEN 


While the rock-floor of the plains is a plain itself, there are many minor 
irregularities in the rock-surface. Between sheetflood transportation and 
wind-drifted loams and sands these depressions are quickly filled up. The 
soft mantle only makes the plains smoother. The nearest point where this 
phenomenon is clearly shown is in the vicinity of Los Cerrillos. 


ABSENCE OF DISTINCT WATERWAYS ON THE PLAINS 


Soon after leaving the foot of the mountains the drainage-lines entirely dis- 
appear. Although the gradients are high, no drainage-systems are developed. 
When channel-ways are corraded by unusual freshets in the mountains they 
are quickly filled up by drifting sands. In the San Pedro arroyo this vanish- 
ing of the drainage-ways is finely displayed. 


ROLE OF SHEETFLOOD ACTION 


Sheetflood action is one of the most important of the plains-forming agen- 
cies. Instead of water even tending to concentrate along certain lines, as in 
the humid regions, heavy local rainfall in the mountains spreads out on reach- 
ing the margins of the plains. Slight inequalities tend to become obliterated 
by the effects of the sheetflood. 


LACK OF DIRECT EVIDENCH OF FORMER HUMID CLIMATE 


In the New Mexican region there are discernible no facts suggesting a cli- 
mate at no distant period of much greater humidity than at present. In the 
Nevada region the main moulding of mountain and valley has recently been 
ascribed to former greater rainfall and consequent more adequate water erosion. 
Independent of any such change of climate the known erosional effects of the 
winds under conditions of an arid climate may be considered amply sufficient 
to account for all features of the present landscape. 


The next paper read was 
SHORELINE STUDIBS ON LAKES ONTARIO AND BRIE 
BY ALFRED W. G. WILSON 


The paper has been published as pages 471-500 of this volume. 


The following papers were then read by title: 
FAULTS AND FOLDS OF THH QRAND CANYON DISTRICT 
BY DOUGLAS WILSON JOHNSON 


COON BUTTE, ARIZONA 


BY JOHN B. HASTINGS 
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OCCURRENCE OF PETROLEUM IN THE COAST COUNTIES OF CALIFORNIA — 
BY RALPH ARNOLD 
OCONGLOMERATE FORMED BY A MINERAL-LADEN STREAM IN CALIFORNIA 


BY R. ARNOLD AND R. ANDERSON 


This paper has been published as pages 147-154 of this volume. 


DISTRIBUTION OF GOLD IN THE SADDLE AND LEG REGION OF THE MEGUMA 
SERIES OF NOVA SCOTIA 


BY J. EDMUND WOODMAN 
PROBABLE AGE OF THE MEGUMA (GOLD-BEARING) SERIES OF NOVA SCOTIA 


J. EDMUND WOODMAN 


This paper was printed as pages 99-112 of this volume. 
GIANT SPRINGS AT GREAT FALLS, MONTANA 


BY C. A. FISHER? 


This paper was printed as pages 339-346 of this volume. 


After the end of the reading of formal papers, C. W. Hayes informally 
exhibited a set of photographs of the fossil woods of Arizona, together 
with notes on them by David White, paleobotanist to the United States 
Geological Survey. Then W. G. Tight exhibited and described a series 
of stereopticon slides illustrating glacial and other phenomena among the 
high Andes of Bolivia, and the scientific program was declared finished. 


COMMITTEE ON GEOLOGICAL NOMENCLATURE 


The question of forming a General Committee on Geological Nomen- 
clature was thoroughly discussed by C. R. Van Hise, A. C. Lane, A. C. 
Lawson, A. P. Coleman, G. K. Gilbert, H. E. Gregory, R. D. George, 
C. W. Hayes, and W. G. Tight, and the following action was taken unan- 
imously : 

The Geological Society of America recommends to the various organi- 
zations concerned : 

1. That a general Committee on Geological Nomenclature be formed ; 
one-fifth of its members to be from the United States Geological Survey, 
one-fifth from the Canadian Geological Survey organizations, one-fifth 


1 Introduced by C. W. Hayes, 
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from Mexico, and one-fifth from geologists at large selected by the Geo- 
logical Society of America. ; 

2. That this general committee have authority to appoint special com- 
mittees on nomenclature from within or without its own membership for 
the investigation of the particular questions referred to them, the special 
committees to report back their conclusions to the general committee with 
full reasons therefor ; the different sections to report in turn to their own 
organizations. 

3. That the fact that any subject is under discussion by this general 
committee be made known to the scientific public at large. 

The purpose of the recommendations is to provide a source from which 
any geologist may on application obtain advice regarding nomenclature. 


The following resolutions of thanks were presented by G. K. Gilbert, 
seconded by President Van Hise and heartily adopted: 


The Geological Society of America acknowledges with gratitude the many 
and substantial courtesies extended to it by the citizens and the Commercial 
Club of the city of Albuquerque. 

The Society also tenders its sincere and emphatic thanks to the University 
of New Mexico, and particularly to President W. G. Tight, for the hospitality 
it has enjoyed—a hospitality which included arrangements of exceptional com- 
pleteness and attentions most assiduous. 


LII—Butu, Grou. Soc. AM,. Vou. 19, 1907 
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REGISTER OF THE ALBUQUERQUE MbmrrTinG, 1907. 


The following Fellows were in attendance at the meeting: 


H. M. Amt. ALFRED C. LANE. 
R. W. Brocs. ANDREW C. Lawson. 
SAMUEL CALVIN. GEORGE D. LOUDERBACK. 
A. P. CoLEMAN. ArtHuR M. MILLER. 
GEORGE FE. Coin. W. G. Miner. 
F. W. CraGin. H. B. Patron. 
H. P. CusHine. A. H. Purbut. 
J. S. DILLER. W. G. Ticut. 
R. D. GrorGe. CHARLES R. Van HIseE. 
G. K. GILBERT. Frank R. Van Horn. 
| HERBERT H. GREGORY. T. L. WALKER. 
G. D. Harris. I. C. WHITE. 
C. W. Hayes. A. W. G. Winson. 
E. O. Hovey. JoHN EH. WoLrFr. 


There were in addition at least five visiting geologists, not members of 
| the Society, besides students and casual visitors. 


| 
| 
| 
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SESSION OF THE CORDILLERAN SECTION, TUESDAY, DECEMBER 31, 1907. 


The Cordilleran Section met with the general Society. On Tuesday, 
December 31, the section held a business session, at which Andrew C. 
Lawson and George D. Louderback were reélected chairman and secretary 
respectively. 


ACCESSIONS TO LIBRARY FROM NOVEMBER, 1907, ‘TO 
NOVEMBER, 1908 


By H. P. Cusuine, Librarian 
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Geotechnische serie, lieferung 4. 
Beitrige, neue folge, lieferung 15. 


R. ACCADEMIA DELLE SCIENZE DELL’ INSTITUTO DI 
BOLOGNA, BOLOGNA 


Rendiconto, nuoya serie, vols. ix-x. 


NATURHIST. VEREIN DES PREUSSISCHEN RHEINLANDE, 


WESTFALENS UND DES REG.-BEZIRKS OSNABRUCK, BONN 


Sitzungsberichte und Verhandlungen, 1907, hafte 1. 
ACADEMIE ROYALE DES SCIENCES DES LETTRES, ET 


DES BEAUX-ARTS DE BELGIQUE, BRUSSELS 
Bulletin de la Classe des Sciences, 1907. 
Annuaire, 1908. 
SOCIETE BELGE DE GEOLOGIE, DE PALEONTOLOGIE, 
ET D’HYDROLOGIE, BRUSSELS 
Bulletin, tome xxi, 1907. 
Tables Génerales des Matiéres des Tomes i-xx. 


BIUROULI GEOLOGICA, BUCHAREST 


MAGYARHONI FOLDTANI TARSULAT, BUDAPEST 


Foldtani kézlény, xxxvii kétet, 1-12 fuset, 1906. 
Foldtani k6zlony, xxxy k6tet, 2-3 fuset, 1906. 


NORGES GEOLOGISKE UNDERSOQELSE, CHRISTIANIA 


Report no. 44. 
Report no. 45. 


DANMARKS GEOLOGISKE UNDERSOGELSE, COPENTIAGEN 


Raekke I, Nr. 10. 
Raekke II, Nr. 14-15. 
Raekke II, Nr. 16. 
Raekke II, Nr. 1-7. 
Raekke I, Nr. 2, 4-5, 12. 


3135. 
3162-3164. 


2510. 
3251. 
3053, 3259. 


3242. 


2646. 


3163. 
3253. 


2007. 
3150. 


3344. 


2942. 
3317. 
3325. 


3256. 
3257. 
3345. 
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DET KONGELIGE DANSKE VIDENSKABERNES 
SELSKAB, COPENHAGEN 
Oversigt i Aaret, Férhandlingar 1907, nr. 3-6. 
Skrifter, 7 Raekke, tome iii, nos. 1-2; tome iv, nos. 1-5; tome v, 
no. 1. 


NATURWISSENSCHAFTLICHE GESELLSCHAFT ISIS, DRESDEN 


Sitzungsberichte und Abhandlungen, Jahrgang 1907. 


ROYAL SOCIETY OF EDINBURGH, EDINBURGH 
Proceedings, vol. xxvi, nos. 3-5. 
Proceedings, vol. xxvii, nos. 1-8. 
Transactions, xlv, parts 2-4. 

NATURFORSCHENDE GESELLSCHAFT, FREIBURG I. B 
Berichte, band xv, 1905. 


KSL. LEOP. CAROL. DEUTSCHEN AKADEMIE DER 
NATURFORSCHER, HALLE 


. Nova Acta, band 73. 


Nova Acta, band 87. 


COMMISSION GEOLOGIQUE DE FINLANDE, HELSINGFORS 
SOCIETE DE GEOGRAPHIE DE FINLANDE, HELSINGFORS 
SCHWEIZISCHE GEOLOGISCHE GESELLSCHAFT, LAUSANNE 
GEOLOGISCH REICHS-MUSEUM, LEIDEN 


Sammlungen, serie i, band viii, heft 3-4. 


K. SACHSISCHE GESELLSCHAFT DER WISSENSCHAFTEN, LEIPSIC 


Berichte, Jahrgang 1907, heft 1-4. 
Abhandlungen, math. phys. Classe, band xxx, nos. 1-3. 


SOCIETE GKOLOGIQUE DE BELGIQUE, LIEGE 


Annales, tome xxy, bis, livr. 3. 
Annales, tome xxxiv, livr. 1-38, 1907. 


SOCIETE GEOLOGIQUE DU NORD, LILLE 


Annales, tome xxxv, 1906. 


COMMISSAO DOS TRABALHOS GEOLOGICOS DE PORTUGAL, LISBON 


Communicacoes, tomo vi, fase. 2. 
Communicacoes, tomo vii, fase. 1. 
Hypsometrie Map of Portugal. 


BRITISH MUSEUM (NATURAL HISTORY), LONDON 


Guide to the Fossil Invertebrate Animals. 
National Antarctic Expedition, Natural History, vol. i, Geology. 
Guide to the Elephants, recent and fossil. 
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3047. 
3283. 


3014. 
3217. 
3239. 
3328. 
3329. 


3065. 


3169. 


3138. 


3018. 
3252. 


3229. 
3309. 


3070. 
3299. 


3155. 


3212-3213: 
3248. 
3261. 
3300. 


3250. 
2264. 
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GEOLOGICAL SOCIETY, LONDON 


Quarterly Journal, vol. Ixiii, part 4. 
Quarterly Journal, vol. Ixiv, parts 1-3. 


GEOLOGICAL SURVEY, LONDON 


Summary of Progress, 1906. 

Memoir, Leicestershire and South Derbyshire Coalfield. A 

Memoir, Geological Structure of the Northwest Highlands of Scot- 
land. 

Memoir, Summary of Progress for 1907. 

Memoir, Coals of South Wales. 


GEOLOGISTS’ ASSOCIATION, LONDON 


Proceedings, vol. xx, parts 1-6. 
COMISION DEL MAPA GEOLOGICA DE ESPANA, MADRID 


SOCIETA ITALIANA DI SCIENZE NATURALI, MILAN 
Atti, vol. xlvi, 1907. 


SOCIETE IMPERIALE DES NATURALISTES DE MOSCOU, MOSCOW 
Bulletin, Année 1906. 


K. BAYERISCHE AKADEMIE DER WISSENSCHAFTEN, MUNICH 


Sitzungsberichte, math. phys. Classe, 1906, heft 3. 
Sitzungsberichte, math. phys. Classe, 1907, heft 1-2. 


ANWNALES DES MINES, PARIS 


Annales, 6e série, tome xii, livr. 7-12, 1907. 
Annales, 6e série, tome xiii, livr. 1-6, 1908. 


CARTE GROLOGIQUE DE LA FRANCE, _ PARIS 
SOCIETE GROLOGIQUE DE FRANCE, PARIS 
Bulletin, 4e série, tome vi, fase. 2-9. 
Bulletin, 4e série, tome vii, fase. 1-8. 
REALE COMITATO GEOLOGICO D'ITALIA, ROME 


Bolletino, vol. xxxviii, nos. 1-4, 1907. 


SOCIETA GEOLOGICA ITALIANA, ROME 
ACADEMIE IMPERIALE DES SCIENCES, SAINT PETERSBURG 


Bulletin, Ve serie, tomes 22-24. 

Bulletin, Vie serie, vol. i, part 2. 

Bulletin, Vie serie, vol. ii, part 1. 

Travaux de Musée Géologique Pierre le Grand, vol. i, livr. 1-5. 


COMITE GEOLOGIQUE DE LA RUSSIE, SAINT PETERSBURG 


Region aurifére de Amour, livr. 6. 
Region aurifére de Lena, livr. 4. 


3039. 
3274-3275. 
3277-3278. 

3139. 

3140. 

3249. 


3214, 


2711, 2992. 


2993. 
3241. 


2838, 
3271. 


3165. 
3312. 
3051. 
3280. 
3203. 


3228. 


3149. 


3153. 
3254. 
2633. 


2319. 
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Memoirs, nouvelle serie, no. 21. 

Memoirs, nouvelle serie, nos. 23-27. 

Bulletin, vols. 24-25. 

Carte géologique, Region aurifere de l’Amour, feuille ii. 
Carte géologique, Region aurifére la Zeia, feuille ili, 4. 

Carte géologique, Region aurifére de Lena, feuille iii, 6. 


RUSSISCH-KAISERLICHE MINERALOGISCHE 
GESELLSCHAFT, SAINT PETERSBURG 


Verhandlungen, zweite serie, band xliy. 


GEOLOGISKA BYRAN, STOCKHOLM _ 
Sveriges Geol. Undersdkning, series Aa, nos. 123, 134, 137-140, with 
maps. 
Sveriges Geol. Undersdkning, series C, nos. 201-203. 
Sveriges Geol. UndersdOkning, Arsbok 1907; series C, 204-208. 


GEOLOGISKA FORENINGENS, STOCKHOLM 
Forhandlingar, band xxix, hifte 5-7. 
Forhandlingar, band xxx, hafte 1-2, 4. 

NEUES JAHRBUCH FUR MINERALOGIE, STUTTGART 


Neues Jahrbuch, 1907, band ii. 

Neues Jahrbuch, 1908, band i. 
Centralblatt, 1907, nos. 14-24. 

Centralblatt, 1908, nos. 1-18. 

Neues Jahrbuch, Beilage-band xxiv, heft 7. 


KAISERLICH-KONIGLICHE GEOLOGISCHE REICHAN- 
STALT, VIENNA 
Jahrbuch, band Ivii. 


KAISERLICH-KONIGLICHES NATURHISTORISCHES 
HOFMUSEUM, VIENNA 


Annalen, band xxi, 1906. 


GEOLOGISCHES INSTITUT DER K. K. UNIVERSITAT, VIENNA 


. Beitrage zur Paleontologie und Geologie Osterreich-Ungarns und 


des Orients, band xx. 


(c) ASIA 
GEOLOGICAL SURVEY OF INDIA, CALCUTTA 


Records, vol. xxxy, 1907. 
Records, vol. xxxvi, parts 1-3. 
Memoirs, vol. xxxvi, part 2. 


IMPERIAL GEOLOGICAL SURVEY, j TOKYO 


Kamiagata, Sensai, Suzumsaki map sheets and text. Admori, 
Hitoyoshi, Kamiagata, Sendai, Shimoagata, Suonda, and Wa- 
jima topographic sheets. 
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3167. 


2527. 
3319. 
2445. 


3011. 
3281. 


3166. 
3152. 
3349. 


3215. 
2138. 
3272. 


3351. 
2507. 
2706. 
2713. 
3382. 
2168. 


32387. 


3208. 
3373. 
2941. 


3302. 
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BUREAU OF SCIENCE, MANILA 


Philippine Journal of Science, vol. ii. 


(d) AUSTRALASIA 
GEOLOGICAL DEPARTMENT OF SOUTH AUSTRALIA, ADELAIDE 


Review of Mining Operations, nos. 6-8. 

Record of the Mines, 4th edition. 

Northern Territory, Geologic Reconnaissance from Van Dieman 
Gulf to the McArthur River. 


GEOLOGICAL SURVEY OF QUEENSLAND, BRISBANE 
Publications nos. 204, 207-213. 
Publication no. 216. 

DEPARTMENT OF MINES OF VICTORIA, MELBOURNE 


Records of the Geological Survey, vol. ii. 
Memoirs no. 6. 
Annual Report of the Secretary of Mines for 1906. 


GEOLOGICAL DEPARTMENT OF WESTERN AUSTRALIA, PERTH 


Bulletins 26-28. 
Annual Reports for 1906-1907. 
Bulletins 29-30. 


GEOLOGICAL SURVEY OF NEW SOUTH WALES, SYDNEY 


Annual Report of the Department of Mines for 1907. 
Memoirs, Paleontology, no. 10. 

Memoirs, Paleontology, no. 13, part 2. 

Records, vol. viii, no. 3. 

Artesian Water Supply of Australia. 

Mineral Resources, no. 12. 


ROYAL SOCIETY OF NEW SOUTH WALES, SYDNEY 


Journal and Proceedings, vol. xl, 1906. 


GEOLOGICAL SURVEY OF NEW ZEALAND, WELLINGTON 


. Bulletin, new series, nos. 3-4. 


(e) AFRICA 
GEOLOGICAL COMMISSION, CAPE TOWN 


Eleventh Annual Report, 1906. 
Annals of the South African Museum, vol. vii, part 1. 
Geologic Map, sheets 42, 46, 49, 50, and 52. 


GEOLOGICAL SOCIETY OF SOUTH AFRICA, JOHANNESBURG 


Transactions, vol. x, and Proceedings. 


GEOLOGICAL SURVEY OF THE TRANSVAAL, PRETORIA 
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(B) From Sate GEOLOGICAL SURVEYS AND MINING BUREAUS 


GEOLOGICAL SURVEY OF GEORGIA, ATLANTA 
3381, 3383. Bulletins 13 and 14. 
DEPARTMENT OF THE INTERIOR, OTTAWA 


2788. Cape Breton, Guelph, South Saskatchewan, South Alberta, and 
Grand Trunk Pacific topographic maps. 
3356. Canada’s Fertile Northland. 
GEOLOGICAL SURVEY OF NEW JERSEY, TRENTON 
3218. Annual Report for 1906. 
3335. Annual Report for 1907. 


(C) FRom ScIENTIFIC SOCIETIES AND INSTITUTIONS 


(a) AMBRICA 
UNIVERSITY OF TEXAS, AUSTIN 


3384. Bulletin no. 98; Scientific series no. II. 


BROOKLYN INSTITUTE OF ARTS AND SCIENCES, BROOKLYN 


2553. Science Bulletin, vol. i, nos. 12-14. 


COLORADO COLLEGE, COLORADO SPRINGS 
3385. Colorado College Publications, Science series, vol. xii, nos. 1-5. 
3386. Colorado College Publications, Engineering series, vol. i, nos. 3-4. 

CARNEGIE INSTITUTION, PITTSBURGH 
3387. Memorial of the Celebration of the Carnegie Institution at Pitts- 
burgh. 
AUGUSTANA LIBRARY, ROCK ISLAND 
3388. Publication no. 6. 


(b) HUROPE 


SCHLESISCHE GESELLSCHAFT FUR VATERLANDISCHE 
CULTUR, BRESLAU 


3231. Highty-fourth Jahresbericht, 1905. 
OBSERVATOIRE ROYAL DE BELGIQUE, BRUSSELS 


3389. Annuaire Astronomique, 1907. 
3211. Les Observatoires Astronomiques et les Astronomes. 


INSTITUTUL GEOLOGIE AI. ROUMANITET, BUCHAREST 


3232. Anuarul, vol. i, fase. 1-2. 
Anuarul, vol. i, fase. 3. 
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DANSK GEOLOGISK FORENING, COPENHAGEN 
2783. Meddelelser, nr. 13. 


SENCKENBERGISCHEN NATURFORSCHENDEN - 
GESELLSCHAFT, FRANKFURT AM MAIN 


3390. Bericht, 1907. 
MUSEE TEYLER, HAARLEM 
3391. Archives, serie ii, vol. xi, part 1. 
LA SOCIETE PORTUGAISE DE SCIENCES NATURELLES, LISBON 
3392. Bulletin, vol. i, fase. 1-3. 
ACADEMIE POLYTECHNICA, PORTO 


3182. Annaes Scientificos, vol. ii, no. 4. 
3335. Annaes Scientificos, vol. iii, no. 1. 


CORPO REALE DELLE MINIERE, ROME 


3354. Carta geologica delle Alpi Occidentali. 


INSTITUT DES MINES DE L’IMPERATRICE 
CATHERINE Ii, SAINT PETERSBURG 


3270. Annales, tome i, no. 1. 
(c) ASIA 
TOKYO GEOGRAPHICAL SOCIETY, TOKYO 
3206. Journal of Geography, vol. xix, 1907. 
IMPERIAL UNIVERSITY OF TOKYO, TOKYO 


3201. Journal of the College of Science, vol. xxii, articles 8 and 9. 


(D) From FELLOWS OF THE GEOLOGICAL SOCIETY OF AMERICA (PERSONAL 
: PUBLICATIONS ) 
CROOK, A. R. 


3393. A History of the Illinois State Museum of Natural History. 
FAIRCHILD, H. L. 


3394. Gilbert Gulf (Marine Waters in Ontario Basin). 
3395. Drumlin Structure and Origin. 


' WALCOTT, CHARLES D. 
3396. Cambrian Geology and Paleontology, nos. 3-4. 
(#) From MISCELLANEOUS SOURCES 


HEIM, ALBRECHT 


3397. Der Bau der Schweizeralpen. 


OFFICERS AND FELLOWS OF THE GEOLOGICAL SOCIETY 
OF AMERICA 


OFFICERS FOR 1908 


President 


SAMUEL Catvin, Lowa City, lowa 


Vice-Presidents 
GrorcE F. Becker, Washington, D. C. 
A. C. Lawson, Berkeley, Cal. 
Secretary 
Epmunp Otts Hovey, American Museum of Natural History, New 
Work, N-y. 
Treasurer 


Wm. Buitock CiarK, Baltimore, Md. 


Editor 
J. STANLEY-Brown, Cold Spring Harbor, Long Island, N. Y. 


Inbrarian 
H. P. Cusuine, Cleveland, Ohio 


Councilors 
(Term expires 1908) 

A. C. Lane, Lansing, Michigan 
Davip Wuite, Washington, D. C. 

(Term expires 1909) 
. EK. Grecory, New Haven, Connecticut 
. F. Rew, Baltimore, Maryland 

(Term expires 1910) 


H. P. Cusuine, Cleveland, Ohio 
H. B. Parton, Golden, Colorado 
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FELLOWS IN DECEMBER, 1908 
*Indicates Original Fellow (see article III of Constitution) 


CLEVELAND ABBE, JR., Ph. D., Mount Weather, Va. August, 1899. 

FRANK Dawson ApaAms, Ph. D., Montreal, Canada; Professor of Geology in 
McGill University. December, 1889. 

GrEoRGE I. ADAMS, Sc. D., Bureau of Mines, Manila, P. I. December, 1902. 

JOSE GUADALUPE AGUILERA, City of Mexico, Mexico; Director del Instituto 
Geologico de Mexico. August, 1896. 

TRUMAN H. A.tpricu, M. E., 1739 P St. N. W., Washington, D. C. May, 1889. 

Henry M. Amt, A. M., Montreal, Canada; Assistant Paleontologist on Geological 
and Natural History Survey of Canada. December, 1889. 

FRANK M. Anperson, B. A., M. S., 2604 AXtna Street, Berkeley, Cal. California 
State Mining Bureau. June, 1902. a 

PuiLie ARGALL, 728 Majestic Building, Denver, Colo. August, 1896. 

RALPH ARNOLD, Ph. D., Washington, D. C.; Geologic Aid, U. S. Geological Sur- 
vey. December, 1904. 

GrorcGE HALL ASHLEY, M. ., Ph. D., Washington, D. C.; U. S. Geological Sur- 
vey. August, 1895. 


RurFus MATHER Bace, Jr., Ph. D., 1048 Riverdale St., West Springfield, Mass. 
December, 1896. 

Harry Foster Barn, M. 8., Champaign, Ill.; State Geologist. December, 1895. 

S. PRENTISS BALDWIN, 736 Prospect St., Cleveland, Ohio. August, 1895. 

Sypney H. Batt, A. B., Washington, D. C.; Assistant Geologist, U. S. Geological 
Survey. December, 1905. 

ERwWIN HINCKLEY BARBourR, Ph. D., Lincoln, Neb.; Professor of Geology, Univer- 
sity of Nebraska, and Acting State Geologist. December, 1896. 

ALFRED ERNEST BARLOow, B. A., M. A., D. Se, Ottawa, Canada. December, 1906. 

JOSEPH BARRELL, Ph. D.. New Haven, Conn.; Professor of Structural Geology, 
Yale University. December, 1902. 

GrorGE H. Barton, B. S., Boston, Mass.; Curator, Boston Society of Natural 
History. August, 1890. 

FLorENcE Bascom, Ph. D., Bryn Mawr, Pa.; Professor of Geology, Bryn Mawr 
College. August, 1894. 


Ray SmirH Basster, B. A., M. S., Ph. D., Washington, D. C.; U. S. National 
Museum. December, 1906. 


WILLIAM S. Baytey, Ph. D., Urbana, Ill.; Assistant Professor of Geology, 
University of Illinois. December, 1888. 

*GEORGE I’. Becker, Ph. D., Washington, D. C.; U. S. Geological Survey. 

JosHuA W. BEgrDE, Ph. D., Bloomington, Ind.; Instructor in Geology, Indiana 
University. December, 1902. 

RoBERT BELL, I. S. O., Se. D., M. D., LL. D., F. R. S., Ottawa, Canada; Chief 
Geologist, Geological Survey, Department of Mines. May, 1889. 

CHARLES P. Berkey, Ph. D., New York city; Columbia University. August, 1901. 

SAMUEL WALKER Bryer, Ph. D., Ames, Iowa; Assistant Professor in Geology, 
Iowa Agricultural College. December, 1896. 

ARTHUR B. BreBins, Ph. B., Baltimore, Md.; Instructor in Geology, Woman’s 
College. December, 1903. 


ALBERT S. Bickmore, Ph. D., New York city; Curator emeritus, Department of 
Public Instruction, American Museum of Natural History. December, 
1889, 
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Irving P. BisHop, 109 Norwood Ave., Buffalo, N. Y.; Professor of Natural 
Science, State Normal and Training School. December, 1899. 

JoHN M. Boutwett, M. S., Washington, D. C.; Assistant Geologist, U. S. 
Geological Survey. December, 1905. 


JoHN ADAMS BowNnockeER, D. Sc., Columbus, Ohio.; Professor of Inorganic 
Geology, Ohio State University. December, 1904. 

*JoHN C. BRANNER, Ph. D., Stanford University, Cal.; Professor of Geology in 
Leland Stanford, Jr., University. 


ALBERT PERRY BRIGHAM, A. B., A. M., Hamilton, N. Y.; Professor of Geology 
and Natural History, Colgate University. December, 1893. 


REGINALD W. Brock, M. A., Ottawa, Canada; Acting Director, Geological Sur- 
vey, Department of Mines. December, 1904. 

ALFRED HULSE Brooks, B. S., Washington, D. C.; Assistant Geologist, U. S. Geo- 
logical Survey. August, 1899. 

Amos P. Brown, Ph. D., Philadelphia, Pa.; Professor of Mineralogy and 
Geology, University of Pennsylvania. December, 1905. 

ERNEST ROBERTSON Buck Ley, Ph. D., Flat River, Mo. June, 1902. 


*SAMUEL CALVIN, Iowa City, Iowa; Professor of Geology and Zoology in the 
State University of Iowa. 


Henry DONALD CAMPBELL, Ph. D., Lexington, Va.; Professor of Geology and 
Biology in Washington and Lee University. May, 1889. 


Marius R. CAMPBELL, Washington, D. C.; U. S. Geological Survey. Aug., 1892. 
FRANKLIN R. CARPENTER, Ph. D., 1420 Josephine St., Denver, Colo. May, 1889. 


ERMINE C. CASE, Ph. D., Ann Arbor, Mich.; Department of Geology, University 
of Michigan. December, 1901. 


*T. C. CHAMBERLIN, LL. D., Chicago, Ill.; Head Professor of Geology, Univer- 
sity of Chicago. 

CLARENCE RAYMOND CLAGHORN, B. S8., M. E., Tacoma, Wash. August, 1891. 

FREDERICK G. CLApP, S. B., 610 Fitzsimons Building, Pittsburgh, Pa. Dec., 1905. 


*WILLIAM BULLOCK CLARK, Ph. D., Baltimore, Md.; Professor of Geology in 
Johns Hopkins University ; State Geologist. 


JOHN Mason CrLaRrxe, A. M., Albany, N. Y.; State Paleontologist. December, 1897. 


HERDMAN IF. CLELAND, Ph. D., Williamstown, Mass.; Professor of Geology, 
Williams College. December, 1905. 


J. Morean CLemMents, Ph. D., 15 William St., New York city. December, 1894. 


CoLuier Coss, A. B., A. M., Chapel Hill, N. C.; Professor of Geology in Univer- 
sity of North Carolina. December, 1894. 


ARTHUR P. CoLEMAN, Ph. D., Toronto, Canada; Professor of Geology, Toronto 
University, and Geologist of Bureau of Mines of Ontario. December, 1896. 


GrorGE L. CoLuiiz, Ph. D., Beloit, Wis.; Professor of Geology in Beloit College. 
December, 1897. 


ARTHUR J. Cottier, A. M., S. B., Brownfield, Me.; Assistant Geologist, U. S. 
Geological Survey. June, 1902. 


*"THEODORE B. Comstock, Se. D., Los Angeles, Cal. 

HuGENE Costes, B. és-Se., HE. M., Toronto, Canada. December, 1906. 

*lRANCIS W. Cracin, Ph. D., Colorado Springs, Cole.; Professor of Geology in 
Colorado College. 

AtgsA ROBINSON Crook, Ph. D., Springfield, Ill.; State Museum of Natural 
History. December, 1898. 

*WILLIAM QO. Crosby, B. S., Boston, ingen: Professor of Geology in Massachu- 

setts Institute of Technology. 


WuitMaAw Cross, Ph. D., Washington, D, C.; U. S, Geological Survey. May, 
1889. 
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GARRY EH. Cutver, A. M., 1104 Wisconsin St., Stevens Point, Wis. December, 
1891. 

EpeaRk R. Cuminecs, Ph. D., Bloomington, Ind.; Assistant Professor of Geology, 
Indiana University. August, 1901. 

*Henry P. Cusuine, M. S., Adelbert College, Cleveland, Ohio; Professor of 
Geology, Western Reserve University. 


REGINALD A. DAty, Ph. D., Boston, Mass.; Massachusetts Institute of Technol- 
ogy. December, 1905. 


*NELSON H. Darton, Washington, D. C.; U. S. Geological Survey. 

*WILLIAM M. Davis, S. B., M. E., Cambridge, Mass. ; Sturgis-Hooper Professor 
of Geology in Harvard University. 

Davip T. Day, Ph. D., Washington, D. C.; U. S. Geological Survey. Aug., 1891. 

ORVILLE A. DerBy, M. S., No. 80 Rua Visconde do Rio Branco, Sao Paulo, 
Brazil. December, 1890. 

*JOSEPH S. Ditter, B. S., Washington, D. C.; U. S. Geological Survey. 

EDWARD V. D’INVILLIERS, H. M., 506 Walnut St., Philadelphia, Pa. Dec., 1888. 

RIcHARD Ei. Dopex, A. M., New York city ; Professor of Geography in the Teach- 
ers’ College. August, 1897. 

NoAw FIeLps DRAKE, Ph. D., Tientsin, China; Professor of Geology in Imperial 
Tientsin University. December, 1898. 

JOHN ALEXANDER Dresser, B. A., M. A., Montreal, Canada; Department of 
Geology, McGill University. December, 1906. 


CHARLES R. Drreg, M. A., M. D., Terre Haute, Ind.; Professor of Geography, 
Indiana State Normal School. August, 1897. 

*Epwin 'T’. DuMBLE, 1306 Main St., Houston, Texas. 

CLARENCE Hpwarpd Dutton, A. B., Englewood, N. J.; Major, U. S. A. (Retired). 
December, 1907. 

ArtHur S. Haxtre, Ph. D., Berkeley, Cal.; Instructor in Mineralogy, University 
of California. December, 1899. 


CHARLES R. HastMan, A. M., Ph. D., Cambridge, Mass.; In Charge of Vetebrate 
Paleontology, Museum of Comparative Zoology, Harvard University. De- 
cember, 1895. 


Epwin C. EcKet, B. S., C. E., Munsey Building, Washington, D. C. Dec., 1905. 

ARTHUR H. ELrrMan, Ph. D., 706 Globe Building, Minneapolis, Minn. Decem- 
ber, 1898. 

*BENJAMIN K. EMERSON, Ph. D., Amherst, Mass.; Professor in Amherst College. 

*SAMUEL I’. Emmons, A. M., E. M., Washington, D. C.; U.S. Geological Survey. 

JOHN HYERMAN, IF. Z. S., Oakhurst, Easton, Pa. August, 1891. 

HARoLp W. FAIRBANKS, B. S., Berkeley, Cal.; Geologist State Mining Bureau. 
August, 1892. 

*HERMAN L. FAIRCHILD, B. S., Rochester, N. Y.; Professor of Geology in Uni- 
versity of Rochester. 

J. C. Watrs, Danville, Ky.; Professor in Centre College. December, 1888. 

O.iver C. FARRINGTON, Ph. D., Chicago, Ill.; Curator of Geology, Field Museum 
of Natural History. December, 1895. 
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*ATBERT HE. Foote. Died October 10, 1895. 

*Homer T. Futter. Died August 14, 1908. 

N. J. Grroux, C. HE. Died November 30, 1890. 

*JAMES Hatt, LL. D. Died August 7, 1898. 

JOHN B. HatcHerR, Ph. B. Died July 3, 1904. 

*ROBERT Hay. Died December 14, 1895. 

*ANGELO HEILPRIN. Died July 17, 1907. 

Davin HonEYyMAN, D. C. L. Died October 17, 1889. 
THomMAS Srerry Hunt, D. Se, LL. D. Died February 12, 1892. 
*ALPHEUS Hyatt, B. 8. Died January 15, 1902. 

*JOSEPH EF. JAMES, M.-S. Died March 29, 1897. 

WILBUR C. Knicut, B. S., A. M. Died July 28, 1903. 
RaLpH D. Lacor. Died February 5, 1901. 

* JOSEPH LE Contr, M. D., LL. D. Died July 6, 1901. 

*J. PeteR LESLEY, LL. D. Died June 2, 1903. 

Henry McCarey, A. M., C. E. Died November 20, 1904. 
OLIVER Marey, LL. D. Died March 19, 1899. 

OTHNIEL C. MarsH, Ph. D., LL. D. Died March 18, 1899. 
JAMES E. Mitts, B. S. Died July 25, 1901. 

*Henrgy B. Nason, M. D., Ph. D., LL. D. Died January 17, 1895. 
*PrTER NEFF, M. A. Died May 11, 1903. 

*JoHn S. Newserry, M. D., LL. D. Died December 7, 1892. 
*EDWARD ORTON, Ph. D., LL. D. Died October 16, 1899. 
*RICHARD OWEN, LL. D. Died March 24, 1890. 

SAMUEL L. PENFIELD. Died August 14, 1906. 

*WRANKLIN PLATT. Died July 24, 1900. 

WILLIAM H. Petter, A. M. Died May 26, 1904. 

*JOHN WESLEY PowELL, LL. D. Died September 23, 1902. 
*[SRAEL C. RUSSELL, LL. D. Died May 1, 1906. 

*JameES M. SarrorpD, M. D., LL. D. Died July 3,:1907. 
*CHARLES SCHAEFFER, M. D. Died November 23, 1903. 
*NATHANIEL S. SHALER, LL. D. Died April 10, 1906. 
CHARLES WACHSMUTH. Died February 7, 1896. 

THEODORE G. WHITE, Ph. D. Died July 7, 1901. 

*GEORGE H. WILLIAMS, Ph. D. Died July 12, 1894. 

*J. FRANCIS WILLIAMS, Ph. D. Died November 9, 1891. 
*ALEXANDER WINCHELL, LL. D. Died February 19, 1891. 
ALBERT A. WRIGHT, Ph. D. Died April 2, 1905. 

WILLIAM §S. YEATES. Died February 19, 1908. 
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